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TBEATISB 

« 

OH 

BRIDGE ABCHITECTUBE 

IK WHICH 

THE SUPERIOR ADVANTAGES 

OF THE 

PLYING PENDENT LEVER BRTOGE 

ARK PULLY PROVRD. 

WITH AN HISTORICAL ACCOUNT AND DESCRIPTION 
OF DIFFERENT BRIDGES ERECTED IN VARI- 
OUS PARTS OF THE WORLD, FROM AN 
EARLY PERIOD, DOWN TO THE 
PRESENT TIME. 



BY THO]ML\S POPE, 

ARCHITECT AND LANDSCAPE GARDENER- 



Exulting Science now disdains 

The ties of custom's proud controul, 

And breaks the rude and barbarous chains 

That fetter'd down the free-bom soul. 
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District of New-York, w. 

BE IT REMEMBERED, That on the ninth day of Feb- 
ruary, in the thirty-fifth year of the independence of the United 
States of America, Thomas Pope, of the said district, hath deposi- 
ted in this office the title of a book, the right whereof he claims as 
author, in the words and figures following, to wit : 

"A Treatise on Bridge Architecture; in which the 
superior advantages of the flying pendent lever bridge, 
are fully proved: with an historical account and description of 
different Bridges erected in various parts of the world, from an 
early period, down to the present time. By Thomas Pope, 
Architect and Landscape Gardener. 

Exulting Science now disdains 

The ties of custom's proud controul. 

And breaks the rude and barbarous chains. 
That fettered down the free-born soul. 

In conformity to the act of the Congress of the United States 
of America, entitled *• an act for the encouragement of learning, by 
securing the copies of maps, charts and books, to the authors 
and proprietors of such copies, during the times therein mention- 
ed :" and also to an act entitled ** an act supplementary to an act 
entitled an act for the encouragement of learning, by secm*ing the 
copies of maps, charts, and books, to the authors and proprietors 
of such copies, during the times therein mentioned, and extend- 
ing the benefits thereof to the arts of designing, engi-aving, and 
etching historical and other prints." 

CHARLES CLINTON, 
Clerk of the District of Ne\\ -York. 
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X H£ walks of science having been^ fcxr moiQe 
than durty years» the authw's chief ddight, particu- 
larfy those sublime ones which relate to practical as 
well as theoretical architecturEi he has naturally 
been led, in the course of his contemplations, to 
trace the important footsteps of the ancients, in their 
invention and adoption of those fundamental rules, 
vdiich have, in later times, governed the improve- 
tnents of every age and civilized country. 

Tor many ages prior to these attempts, we find 
that no standard existed whereby to resolve or pro- 
p(»tionate the formation of any article of conve- 
nience, that man by his necessity might be kd to 
contrive ; and if, when executed, it answered the 



X PREFACE. 

intended purpose, it was the effect of mere acci- 
dent : experience, for the present, being their otiLy 
preceptor* 

For, as an eminent mathematician,* in his vnu 
tings on this subject, observes, * The art of me- 
chanics being the first that men had occa^on to make 
use of, it is reasonable to suppose that it took its 
beginning with man ; and was studied in the easi- 
est ages of the world. For no sooner did mankind 
begin to people the earth than they wanted houses 
to dwell in^ cloaths to wear, and utensils/tQ 131 the 
ground, to get them bread, with other neoe8S«rie& 
of life ; and being thus destitute of proper habitat- 
lions and other conveniences of living, thdr wants 
must immediately put them on the study of jmedian* 
ics. At their first setting out, they would be con- 
tent with very little theory ; endeavouring to get 
that more by experience than reasoning, and being 
unacquainted with numbers, or any sort of calcula^ 
tion ; and having neither rule nor compass to work 
by, nor instruments to wcwkwith, but such as they 
must first of all invent ; nor any methods of work- 

* William Emerson, of Ilurwortli in England, wh^ 
lived upwards of a centuiy ago. 
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mg ; with all these disadvantages, we may ju<^ 
what sort of work they- iTinerelikdy to inake; all their 
cMKitrivaiices must be mere guessmg, and they could 
but ai execute what they had so badly contrived i 
and must be continually mending dieir work by 
repeated trials, till they got it to such a form as to 
make a shift to serve for the use designed. And 
lltts b&e first and lowest state of mechanics, which 
was enough to give a beginning to it ; and in this 
state it doubdess remained for a long time, without 
much improvement But at length, as men found 
mm>e leisure and opportuiuty, and gained more ex- 
perience, manual arts began to take their rise, and 
by degrees to make some pn^ress in the world. 
But we meet with no consideraUe inventions, in 
the mechanical way, for a long series of s^;es ; or, if 
there had been any, the accounts of them are now 
lost, through length of time ; for we have nothing 
upon record respecting them for two or three thou- 
sand years. After that period, however, we find an 
account of several machines that were in use. For 
we read in Genesis 49 c. 13 v. that slups were as 
idd, even oa the Mediterranean, as the days of Jacob, 
one thousand, six hundred and eigh^-nine years 
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before the birth of Christ. We likewise read 
1 Sam. 13 c. 5 v. that the Philistines brought tiur- 
ty thousand chariots into the field against Saul ; so 
that chariots were iiiuse one thousand and ninety-ftve 
years before Christ. About the same time Archie 
tecture was brought into Europe ; and, one thou^ 
sand and thirty years before Christ, Ammcm 
built loi^ and tall ships with sails on the Red Sea 
and the Mediterranean. About ninety years af- 
ter, the ship Argo was built ; which was the first 
Greek vessel that ventured to pass through the sea^ 
by help of sails, without sight of land, being guided 
only by the stars. Daedalus also, who lived nine 
hundred and eighty years before Christ, made sails 
for ships, and invented several sorts of tools for car- 
penters and joiners to work with. He also made 
several moving statues, which could walk or run of 
themselves. And about eight hundred years befom 
Christ, we find in second of Chronicles 26 ♦c. 9 
10 and 15 verses, thatU^ziah made, in Jerusalem, 
engines invented by cunning men, to be on the tow- 
ers and upon the bulwarks, to shoot arrows and great 
stones withal. Com mills were early invented, for we 
read in Deuteronomy 24 c. 6 v. that it was not lawful 
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£Sr any man to take the upper or thenetfaer mill- 
atone to pledge ; yet water was not appfied to mills 
before the year of Christ, six hundered, nor iraid- 
xniUs used before the year twelve hundred. Like* 
vise, five hundred and eigfa^ years before Christ, 
weiread in Jeremiah, 18 c. 13 v. of the potter's 
-wbcd. Architas was the first that aj^ed mathe- 
matics to mechanics, but left no mechanical wri- 
tii^ behind him : it is said he made a wooden 
•pigeon that could fly> about. Aristotle, who lived 
about two hundred and ninety years before Christ, 
was one of die first who writ any methodical dis- 
oourse on mechanics. But at this time the arts 
were contained ina very small compass, there being 
scarce any thing more known about it than the »x 
mechanical powers ; the Balance, Lever, Wheel, 
Fully, Screw, and Wedge. In this state it continu- 
ed till the sixteenth century, and then clocks were 
first made. Archimedes, who by some writers is 
said to have lived about two hundred years before 
Christ, was a most subtle geometer and mechan- 
ic ; he made enpnes that drew up the ships of Mar- 
cellus, at the siege of Syracuse ; and others that 
would cast a stone of a prodigious weight to a great 
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distance, &s also darts aiid arrows ; he Vias YikcwisH^ 
well acquiunted with the power of the Lever, aswai 
manifest by the declaration he made on a certaui oq< 
casion, in the foUomng words : " Had I a Lever 
long enough, and a Fulcrum strong enough, I could 
Avield the globe." In his days tlie liberal arts 
flourished, and learning met with proper encourage- 
ment ; but afterwards they became neglected fou 
a long time.' 

We come now to the propitious asra, when live) 
that Roman oracle, Vitruvius, who flourished in tl 
reign of Augustus Ciesar, and who was styled 
those days, the Father of Architects. At this time 
die arts were more extensively encouraged, ani 
tiieir excellence more fully made kno^vn, than at an] 
former period. To this celebrated artist in partici 
lar, and his successors, Palladio,Scamozzi. 

BERTl, ViGKOLA, De L'OrmE, C AT A NEO, pHt' 

LANDER, BULLANT, SeRLIO, PeERAULT, V 

LA, Blondel, Bebnini, and many other theif 
associates, we who live in the present day arc incon^ 
trovertlbly indebted for their origin and ground- 
work ; for by their superior skill, not only the grand 
and suitable orders of Architecture were found out 
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^md establishedf but stately edifioes ymxt erected; 
such as Pantheons, Theatres, Temples, Domes, Ar^ 
cades. Porticoes, and Bridges, covered with spa- 
cious galleries, which were supported by superb co* 
lumns of brass, of the Ionic order, and various other 
erections, of the most magnificent and cosdy kind, 

which prove that expense was not a eonsideraticm in 
tfao6edays« It also appeared at this time, that there 
existed a considerable emulation jonong the profi^s- 
sors of the Arts, by which great improvements were 
made* But from that period, down to this time, it b 
to be lamented that a growing depraved taste in die 
execution of civil Architecture has been too mamfest; 
and at no period was it ever more conspicuous than 
tiie^ffesent. For though it may not be strictiy just t6 
ascribe perfection wholly to the ancients above al- 
luded to, yet it must be acknowledged, in common 
justice to truth, that the fundamental laws of Archi- 
tecture, I mean STRENGTH, SYMMETRV, and trUC 

ELEGANCE, which they chastely handed down tx^ 
US, have been, in many instances, bartered for weak- 
ness, disproportion and frivolousness, by unskilful 
pretenders to science, who have intruded themselves 
on the public. Hence we witness, in cities makiig 
no small pretensions to pre-eminence, huge costly 
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piles intended for public use,^ some of wldch ate 
divided and subdivided in the internal parts, like uii* 
to a printer's type case, with scarce one room suita- 
bly arrai^ed or proportioned either to the size of 
the building, or the requi^tes thereof; as though it 
were indispensibly necessary that all public edifices, 
for whatever purposes designed, should be erected 
on the plan of an asylum for lunatics, the private 
cells of which most generally are from eight to 
twelve feet square. But when we come to ex- 
amine the external parts of these expensive fab- 
rics, we find that the eye of sensibility and re- 
fined taste is still more deeply wounded ;t for first 
we behold the external walls erected with materials 
of various colours, somewhat resembling a Harle- 
quin's jacket; some elevations being brown and 
white, some brown, red, and white, and some blue^ 
brown, and white. This variegated d^ormity at 

* To these, the intelligent traveller, as a matter of 
course, directs his attention at his first entering a great 
city, whereby he expects to learn the character of the na- 
tion in which he is about to sojourn for a time. 

t For this obvious reason ; the defects in the internal 
part of a structure of this kind, as well as all others, arc 
alone to the loss of those who are to occupy the same ; but 
the external defects of all public buildings, in great cities, 
is a national loss. 
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once leads the beholder to conclude that one of two 
things must be the cause of this barbarous appear- 
ance ; either that the parties concerned in these 
buildings could not obtain enough of one sort of ma^- 

terials to build the whole^ or that formerly the ar- 
chitect had been a sign-painter^ who being obliged 

to use various colours for many years^ could not 

submit to the hardship of confining himself to dne 

alone. As soon as the eye can be relieved from 

these offensive colours, to examine the construction 
of the external part, it is again assaulted with the 

confused medley of an appropriate ornament with 
which the shaft of the building is loaded; so that, 
instead of those proportional parts of an elevation 
which correct taste would imperiously require on all 
occasions to be appropriated wholly to plane sur- 
&ces, for the purpose of furnishing a grand relief or 
ground for all suitable embellishments to rest upon, 
we have the painful mortification to witness the 
whole of an extended front, though built with 
marble^ crowded with glaring absurdities from one 
end to the other* F irst we see so man}- bits of rus- 
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tic,^ like patches of letter-paper stuck upon the 
wall, with a space or gutter between each part. 
Then stand a number of diminulive useless co- 

himnsyf which at ashort distance appear like tobac- 
co-pipe stems, cling^g against the structure for 
protection, lest the tempest should beat them down. 
Next follow the kindred tribe of pilasters, which, 
by their reduced diameters, resemble so many shin- 
gle-laths cleaving to the front, fearing the like de- 
struction. Between these, the scanty apertures for 
the admission of light now make their appearance^ 
and by their inadequate area lead us to conclude^ 

* Alexander Pope, in his Moral Essays, describes 
such false taste, a^ is here manifested, in the following lines : 

Load some vain church with old theatric state, 

Turn arcs of triumph to a garden gate ; 

Reverse your ornaments, and hang them all 

On some patch'd dog-hole ek'd with ends of wall ; 

Then clap four slices of pilaster on't, 

That, fac'd with bits of rustic, makes a front. 

t An eminent Italian Architect, on discovering some 
such like mock supports as these we now refer to, expres- 
sed his surprise in the following ludicrous lines, which he 
wrote with his pencil on one of the slender shafts of these 
ill-placed columns. 

Dear little colunms, what is't ye do there I 
We know not, sir, unless to make you stare 
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dMit such wmdows originally must have been uu 

tended for some Lilliputian temple or faiiy-houae.^ 

Then comes the numerous host of pet^ 

breaks^ advancii^ and receding from each other, 
like children jdaying at bo-peep, or hide-and-aeek« 
At lengdi we ascend m vision to the top of these 
fine decorated walls, and behold them capped witha 

coraaoe, large enough for a child's baby-house, and 
which, by the help of a magnifying glass,^ we (Us- 
coiver Aat it contains a number of ornamental mem- 
bers ci various kinds ; such as Cima-rectas, Cima- 
feversas. Fillets, Coronas, Modillions, Dentals, Ca- 
vettos. Facias, Friezes, &c. Sec. ; but which 
mi^t as well have been (me entire plane surface, 
finr aught the public can distinguish at even a ve- 
ry small distance. In descending from this eleva* 
ted iqxit last mentioned, {or we have not time to 
asG^id higher, lest the ghastly smoke-tunneb, 
rt cateruj should detain us too long, the eye of 

* The reader may here discover the propriety of this 
reniark, by considering that distance lessens, in appear- 
ance, the magnitude of all bodies. Therefore, if Mould- 
ings, Vases, Statues, or any kind of ornament whatever, be 
placed at a considerable height from the eye, we must 
expect they will appear trifling and insignificant if not 
proportioned accordingly. 
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sensibility has to undergo all that dislocation 
and torture which an unhappy victim would experi* 
ence, who having, in a moment of despair, precipita* 
ted himself from oflF some tremendous height down 
belong on the forked points of projecting craggy 
rocks, that the merciless hand of quarriers had 
left behind them : for, take which road you will, 
nothing but broken surfaces is to be found, whereby 
to mangle and obstruct the path of vision. And all 
the reasons we can have assigned to us for the intro- 
duction of such a crowd of absurdities as is here 
witnessed, is to be summed up in the old depraved 
principles and sorry language of corrupt taste; 

namely, that one cannot have too much of a good 
thing. And we find that, according to the old pro- 
verb, one error begets another. Hence we also 
find, that instead of the i^pacious Dome and lofty 

Spire being erected for the canopy or finishing of 
those temple^ intended for the worship of God, the 
great Architect of worlds. Steeples of the most 
ridiculous and preposterous forms are substituted in 
lieu thereof; some of which, in form, may be just- 
ly compared to an antique pepper-box, being perfo- 
rated with numerous holes from the top half way 
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downwards, for what purpose I know not, except 
it be to answer the use of a city pigeon-housof. 
Others again are finished with a petty Cupola, open 
an every side to catch the rain and snow, in stormy 
seasons* These gross absurdities, and many more, 
that might be mentioned, not only tend to prove that 
the correct principles of the ancients are but little 
known in the present day, but also ill bespeak the 
wisdom, grandeur and correct taste of a great nation. 
Neither can such vile designs be furnished by men 
who have ever learned what mechanical Beauty 
meaneth. 

But if we trace the origin of this depraved taste, 
so prevalent at the present day, we shall find that 
it may be attributed chiefly to two causes ; first, 
instead of that reciprocal union and combination 
of talents, which ought ever to exist among theo- 
retical and practical professors of science, we see 
little else than a contemptible assumption of pre- 
eminence and self-sufficiency in certain classes, 
particularly the gentlemen of the gown, who con- 
ceive that a black coat, and two or three unmeaning 
letters at the end of their names, form all that is ne- 
cessary to rank them with an Archimedes or a 
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Nbwton, a ViTRirvurs or a PALtADio, aa 
ImGo Jones or a Sir Christophek Wren ; 
and, secondly, because those who are only practical 
professors have not sufficiei^ ibfooty to direct them 
in the execution of the work they tmdertake, and. 
ane too much disgusted with the proud preteusioiia 
of the theorists to ask their advioe* 

Could these evils be done aw^^ and a combina-. 
ticMi fcHined of ii^enious mechanics and learned 
mathematicians in every ci^, with steady aim 

— to make the falling arts their care, 



Erect new wonders, and the old repair,* 

how advantageous would it be to individuals, and 
the nation at large ! The discord that envy, pride 
and jealou^ have heretofore sown between theo* 
rists and practical professors would quickly dissqpr 
pear, and a laudable emulation, like that which am* 
mated the ancients, would ultimately drive horn 
the face of day those flimsy pretenders to Scioice, 
and enemies to the useful Arts, who now strut 
about like so many crows dressed in a few bor- 

* AL£XAND£a POF£. 
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TUweA phimesy which only serve to make their de« 
fiHtnity more conspicuous. 

But if an union of talents were once accomplished, 
the mechanic, in the course of his practical expe* 
rinents, would be assisted by the sound calculations 
of ibe mathematician, and hb work would be 
sooner perfected. Also, the madiematidian would 
undoubtedly find no small degree of profit from the 
pnctiical demonstrations which the ingenious me- 
<jianic alone is able to produce. 

Olinthus Gregory, in the prefiice to his 
excellent work on the Theory of Statics, illustrates 
tfiis subject in a manner which ought not to be 
heife omitted. There are few artists but will admire 
bis candour, and agree with his sound remarks. 

He begins thus : ** For some years I have seen, 
or thought I have seen, and often regretted, that a 
forindding distance and awkward jealousy seem to 
subsist between the Theorists and the practical 
men engaged in the cultivation of mechanics in tl^ 
coimtry :^ and it is a desire to shorten this distance, 
and to eradicate this jealousy, that has been a princi^ 

* England. 
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pal stimulant in the execution of the fbllo^mig 
work. 

" I have by long habit, combined perhaps with 
early acquired prejudices, been much delighted with 
the investigations of Theorists : but while I prize 
the deductions of sound theory as highly as any , 
person, and rest as firmly upon them ; yet am I de- 
sirous not to forget that, as all general principks ,. 
imply the exercise of abstraction, it would be high- 
ly injudicious not to regard them in their practice 
applications as approximations ; the defects of which 
must be supplied, as indeed the principles them- 
selves are deduced from experience. 

" Habits of abstraction and theorizing may be 
carried to excess ; and crude experience without 
reflection will never be productive of essential 
good. 

" But as an eminent philosopher,* for whose 
talents and virtues I entertain great respect, re- 
marks, " Care should be taken to guard against 
both these extremes, and to unite habits of %ab- 
straction with habits of business, in such a manner 

* Professor Dugald Stewart ; Elements of the Philoso- 
phy of the Human Mind, p. 321, 3cc. 
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as to enable men to consider things; eitiher in general 
or in detail, as the occasion may require. Which- 
ever of these habits may happen to gain an undue 
ascendant over the mind, it will necessarily 
produce a character limited m its powers, and fit- 
ted only for particular exertion. When theoretical 
knowledge and practical ^kiU are happily combined 
in the same person, the intellectual power of man 
appear in its full perfection, and fits him equally 
to conduct with a masterly hand the details of 
ordinary business, and to contend successfully 
with the untried difficulties of new and hazardous 
idtuations. In conducting the former, mere ex- 
perience may frequently be a sufficient guide: 
but experience and speculation must be combined 
together, to prepare us for the latter.^' * Expert 
men/ says Lord Bacon, * can execute and judge 
of particulars, one by one; but the general 
counsels, the plots, and the marshalling of sf- 
fairs, come best from those that are learned. 
Admitting the truth of these observations, it 

will thence follow, that theoretical and practi- 
cal men will most effixtually promote their mu- 
tual interests, not by affecting to despise eadi 

4 
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other, but by blending their efforts: and fur- 
ther, that an essential service will be done to 
mechanical Science, by endeavouring to make 
all the scattered rays of light they have separate- 
ly thrown upon this region of human know- 
ledge, converge to one point.' 

The above elegant and impartial hints, afforded 
us by the aforesaid friend to Science, Olinthus 
Gregory, merit the author's most sincere and 
ardent wishes, that they may be received by the 
Mathematicians and Mechanics of the United 
States, with all that attention and regard, a 
conviction of their truth must ever inspire. 

We come now to remark, that from what 
has been advanced on the sorry taste of 
the unskilful builders of the present day, the 
reader is not for a moment to conclude that 
we are wholly destitute, in this part of the world, 
of those specimens, that bespeak a better know- 
ledge and more refined taste in the science of archi- 
tecture ; and though we have to lament that the in- 
stances are not so numerous as we could wish, yet 

there are some, which by their excellence, are 
entitled to a respectful record, in as great a degree 
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as the former merited contempt and reproba- 
tion. 

The first, that justly claim our notice, is the 
New- York Free School,* which for boldness of 
feature, and general chasteness of design, may 
vie with any of the productions of modem times. 
For tWs almost unique redemption from that 
depraved style, if style it may be called, which, 
has 

^^ only loaded earth 



" With labour'd heavy monuments of shame,*' 

we are indebted to the fine taste and classic 
acquirements of a gentleman,t who, amidst the 
turmoils and vexations of a counting-house, has 
found leisure to gather knowledge from the in- 
exhaustible stores of the ancients, and enriched 

* Tlus building is erected for one of the most lauda- 
ble purposes that can grace any country, or gratify the 
gpenerous mind of man ; namely, the education of a nu- 
merous tribe of the rising generation of both sexes, 
which we hope in days to come the recipiants )yill record 
with grateful memory, the benevolent and affectionate 
regard manifested to them by the liberal hand of those, 
who from tender care, support this expensive institution. 

t John Rogers Murray, Esq. Vice-President of the 
New-York American Academy of Arts. 
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his country with the fruit of his fesearcfaes; 

and it would be well if the example set by 

this gentleman would excite an emulation among 

others of our fellow-citizens, whose property and 

natural resources, might, united, implant on our 

soil that love and admiratioa of the fine arts, wiuch 

would soon rescue us firom the imputation of 

neglecting whatever can adorn and elevate hu* 

« 
man industr}* and genius; particularly in 

^ That art, where most magnificent appears 
»* The little builder, man .*** 

That genius is indigenous in this western soil, 
no one with propriety can deny ; but scarce 
doth it rear its head above the surface of the 
ground, when it is nipped by the cold firost 
of neglect. Like the modest vblet, it often 
blooms unseen in the \\i\A ; and only requires 
the discerning eye and the kind hand of patronage 
^> lift its glories to tl^ day. The petty feuds of 
I>arty ; the jealousies and intrigues of the wealthy ; 
"rid the baleful influence of unworthy ambition, arc 

* " Thomson's Libem^" 
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tfas principal enemies of a plant of so delicate a 
growth : it shrinks from vulgar gaze, and must be 
courted in the still sequestered vales of life. When 
society amongst us shaU have gained that height 
of civilization, which lifts man above the pur<- 

ssaiit of a litde pre-eminence in office, and re- 
lieves him from that insatiable thirst after wealth, 
iii^faich overpowers in his breast every other con- 
sideration, then shall we witness the proud scenes 
i^ch now flourish under eastern skies, and be 
taught 



""How forests in majestic gardens smil'd, 

How menial arts, by their gay sisters taught, 

Wove the deep flower, the blooming foliage trained 

In joyous figures o'er the silky lawn. 

The palace chear'd, illum'd the storied wall. 

And with the pencil vied the glowing loom.*** 

I should conceive it an insult to the artists 
who have produced some other buildings in this 
country worthy of attention, were I not to notice 
labours. 

♦ « Thomson's Liberty." 
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. The Bank of Pennsylvania, for example, is 
not inferior to any thing of the kind, which mo- 
dem Europe has produced. 

The Gothic part of Trinity Church in this 
city, is also worthy of remark ; and there are 
some excellencies in the new Grecian structure 
called Grace Church. 

The Spire of the Brick Meeting, is, without 
exception, the greatest ornament of New-York, in 
the distant view; and make some amends for 
the too conspicuous and squat phenomena of 
the Theatre, and other public edifices, which, at 
a much smaller expense than that which has 
been lavished on them, an appearance might have 
been produced, that would have contributed to 
the elegance and grandeur of this our commer- 
cial metropolis. 

To those who possess not the true spirit of 
artists, we shall alone apologise for this digres- 
sion from our main object of Bridges ; and, 
in travelling over this important subject, would 
wish the reader to remember, that the author 
has in view, the simple illustration of effects 
produced by the square and plummet, rather 
than the elegance of oratory or fine diction. 
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That he will have to contend, as heretofore, 
with the opposition of envy, the illiberality of 
prejudice, the insolence of scepticism, and the 
criticism of ignorant insignificance, he cannot 
doubt ; for as the celebrated Fulton observes, 
in his excellent treatise on the improvement of 
canal navigation,* " Men of the least genius 
are ever the first to depreciate, and the last to 
commend, and for an obvious reason, they have 
not sense to know the produce of genius, when 
they see it : but 

** Men of true genius glow with liberal spirit, 
And bind a garland round the bust of merit, 
While blockheads, void of wisdom's grateful light, 
Bury distinction m eternal night.f 

But the author is not insensible of the many 
defects, which, from various causes, will no doubt 
accompany this work, and which those who are 

* This work was published in England by tliat 
^ntleman, in the year 1796, a work worthy the pe- 
rusal of. all those* who indeed regard the prosperity of 
these United States ; and from the prolific cabinet of 
knowledge that work has sprung, the public may with- 
out disappointment expect, many valuable additions on 
that subject, is fully matured, and now in store. 

t MOOREHEAD. 
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accustomed to studies of this nature will not 
only expect, but also will generously allow for 
many faults. Tor 

^ Whoever thinks a faultless piece to see, 
Thinks what ne'er was, nor is, nor e'er shall be. 
In ev'ry work regard the writer's end, 
Since none can compass more than they intend ; 
And if the means be just, the conduct true, 
Applause, in spite of trivial £aults is due.* 

* Alexander Pope. 



i 




/*#y^ j 




liike ialf a R4iiiil>fr«v f i«ang anjnnx shore 
AVhile it« -twin, partner apaUB tlie aexui o'er 
V^cl znalcea a- perfect ^t^kolcQiatiiMdiiotvart 
liU tiine li*a ifornuKcl na anoMer act. . . 



t 



HISTORY 



OF 



BRIDGES 



ALTHOUGH the Histoiy of Bridges might 
have been dispensed with, as not absolutely essen- 
tial to the development of the author's great 
undertaking, it may be pleasing to those who 
delight in man's ingenuity to learn by what slow 
degrees the conveniences of life found their Avay 
into common use. 

That Bridges wxre requisite in the earliest 

periods of time, we cannot doubt, from the 

knowledge we possess of the common operations 

of nature. Seas, Lakes, Rivers, Brooks, and 

Swamps, must have existed formerly as well as 

now ; and man, in his common pursuits, must liave 

5 
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invented means of Surmounting these obstacle!^ 
to his correspondence with his feUow man, and 
keeping up the chain of connexion so necessary to 
his existence, as well as to his gratification. 

The rude trunk or branch of a tree, we may 
easily conceive, was the first means made use 
of to pass the smaller streams ; but tiie broad 
Arc, the extended Chain, and massy Pile, were 
reserved for those ages, the labours of which have 
little more than served to prove that approaches to 
perfection were still very uncertain. 

Long before the invention of any kind of geo- 
metrical Bridge, mankind had adopted modes of 
crossing extensive rivers ; and, although some 
authors pretend to ascertain at what particular 
periods boats and ships were first invented, it is 
more than probable that they were coeval with the 
first nations of the world. 

We read that the Egyptians crossed the Nile on 
floats of various kinds, drawn by swimming horses, 
trained for the purpose ; and we do not find that 
even the Greeks, who exceeded all other nations 
in ingenuity and keenness of perception, had em- 
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ployed, before the time of the Roman Rq)ubhc, 
any regular plaa for Bridges. 

The Bridge of Boats, constructed by Xerxes 
over the Hellespont, was probably the first thing 
of the kind witnessed by the European nations. 
If Bridges had been previously used in Asia, 
or other parts of the globe, we have no account 
of them, unless the description of the •one erected 

over the river Euphrates, in the ancient City of 
Babylon, may be relied on. 

Ancient history is unfortunately so much confused, 
and the clues to information, on important points, 
so almost completely cut off by the destruction of 
the great Library at Alexandria, and other similar 
disasters, that the most minute research would 
not enable us fully to ascertain what were the 
acquirements of those ages which the unerring 
hand of time has long since swept from the face 
of the earth; nor is the investigation necessarj^ 
to our present undertaking. We can only draw 
comparisons of utility and elegance from data 
tVithin our reach ; and we shall proceed to enume- 
rate and treat on the different constructions do^ 
nominated Bridges, of which we Imve any accu- 
rate accoui^ from a remote period, down to the 
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present time: and first we abdl incntion dia 

ancient ' 



BRIDGE AT BABYLON^ 

OVER THE RITE& EUPHRATES) CONSTRUCTED OF RRlClCy 



illlTl.C •.• 



to be built by Nihrod, the thiid fipom 
Noah, who lived about one hundred yean after 
the flood. 

Babylon, the capital of Chaldea, we read, was. 
one of the most splendid cities ever built. Its 
fc»iii was an exact square, ^ty miles in circum^e 
ference ; fifteen on each side. The walls thereof 
were, in thickness, eighty-seven feet ; in he^fat, 
three hundred and fifty ; on which were built^ 
two hundred and fifty towers; these were ccHi- 
stnicted of large well-burnt bricks, laid in bhu- 
inen,* a glutinous slime, which, m that country, 
issues out of the earth, and in a short time, when 
exposed to the air, grows harder than the very 
bricks which are laid therein. 

This city was wholly surrounded by a ditch filled 
with water, extremely deep and wde. The river 
Euphrates running through the same, fit)m north 

* Consisting chiefly of what the Chemists call Asphaltum. 
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to BOuthy diyided it into two equal parts, ovec 
whichy we are told, a magnificent Bridge, with a 
single Arc, upwards of six hundred and sixty 
feet span, by thirty feet wide, was erected ; which 
jdned the two parts of the city together in the 
middle. 

At the east end of this stately Bridge stood the 
old Palace, which took up four squares, and was 
four miles in circumference* 

At the west end thereof stood the new Palace, 
tvfaich contained sixteen squares, being eight miles 
in circumference. 

On each side of the river were erected strong 
quay walls, of the same thickness as those which 
surrounded the city ; these formed the abutments 
of the Bridge, as well as a protection to the banks 
of the river ; and, it is the opinion of certain com- 
mentators, that not only the boundary walls of the 
<^, and those of the river Euphrates, as above 
described, were built wholly with brick, made of 
the clay dug out of the ditcli round the city, as 
the historian describes, and of which we have seen 
many specimens that have been brought into 
£urope lately ; but also, it is more than probable 
that the vast extended arc was likewise erected with 
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the same kind of material. For it is said, that those 

employed in the erection of this City and Bridge 
had not discovered any stone at hand suitable to 

quany, though they had been engaged, as- Megas-* 
THENEs informs us, in an immense excavatioa of 
fifty-two miles square, by seventy-five feet deep, 
thereby to form a lake, or reservoir, that should 
prevent the waters of the Euphrates firom' endan- 
gering the city, when the Armenian snows swelted 
it into an ye^ly overflow of its banks, as part of 
the current was then diverted into this lake, aiid 
afterwards, on proper occasions, were drawn forth 
to moisten the fields that lay below the level 
thereof. Neither was it to be expected, that th^ 
had attained as yet a sufficient knowledge by their 
experience in mechanics, to authorize them in the 
erection of a timber febric of such extensive dimett*' 
sions. And what tends still further to corroborater 
this opinion is, that they had already proved them- 
selves competent to the erecticm of arches, of ik>' 
small dimensions ; as we are informed that all 
the openings in that immense building erected by 

the offspring of Noah, called the Tower of Babelj 
were turned with arches of this material. They 
had also evinced then- skill, in the canying of a brick 
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tunnel under the channel of the river Euphrates, 
to afibrd a secret communication betwixt the two 
Palaces. These circumstances, with others that 
are recorded in sacred as well as profane history, 
tend to favour the impression that this Bridge, 
though erected at this early stage of the world, ^vas 
tvhoUy built of brick. 

We pass on to observe that other remote ages of 
antiquity have furnished their various constructions 
fiar the crossing of rivers. It is written that about 
five hundred and ten years before the birth of 
Christ, Darius Hystaspes built a Bridge of 
Boats across the Danube, when engaged in his 
Scydiian warfare. He also crossed the Thracian 
Bosphorus, with upwards of six hundred thousand 
men, by means of a Bridge of this sort, the strait 
being three thousand feet over. Xerxes, in the 

year four hundred and ninety, before Christ, had 
a Bridge of Qoats of nearly a mile in length across 
the Hellespont. This first Bridge that Xerxes 
formed, being carried away by a tempest, he sub- 
stituted two others ; the one consisting of three 
hundred and sixty vessels of the largest kind used 
in ancient navies, and the other containing three 

hundred and for^ ; these were moored with large 
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anchors. Six immense cables, fastened to \argp 
piles driven into the banks of the opposite shores^ 

extended the whole length of the Bridges ; across 
these were laid trunks of trees, and on them a 
flooring, which was covered with earth, for the 
passage of the army. The whole secured by a 
railing on each side, from end to end. These float** 

ing Bridges, and many others of a like nature, are 
objects of curiosity, and have their use on similar 
occasions ; but we prefer to treat on those of more 
recent date and nobler form, and first we look at 
the illustrious 



CJaSAR'S TIMBER BRIDGE/ 

ejected upwards of eighteen hundred years ago, in 
his first expedition against the Suevi, across the 
Rhine ; at which time it became necessary for him 
to throw a bridge over that river, for the safe pas- 
sage of his troops ; boats or shipping being deemed 
inadequate to the purpose, from various different 
causes. The difiiculty of constructing a Bridge 
was also exceeding great, when the vast breadth and 
depth of the river, as also the rapidity of the current 
were considered ;' but Cjesar was not to be de- 
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terred by any obstacle that force and art could over- 
come, and he accordingly set to work by joining 
two posts of timber, each a foot and a half square, 
sharpened at the lower ends, and of a length pro* 
portioned to the depth of water, with braces or cross 
rails so contrived as to keep them two feet asunder. 
Letdng these posts down into the water with ma- 
chines suitable for the purpose, he caused them to 
be driven obliquely mto the bed of the river, with 
wooden mallets, so as to lean the way of the 
current ; and over againt tliese, at the distance of 
forty feet lower down the river, were driven other 
two posts, leaning against the stream, and connect- 
ed in the same manner as the former witli braces. 
These double posts were kept in their stations by 
cross beams, two feet square, to answer to the space 
between the posts, having their ends secured by the 
two braces or cross rails of each pair. One of the 
braces being above and the other under the beam, 
they were made fast to opposite sides of the posts ; 
and such was the firmness of the work, and so com- 
plete the formation of the parts, that the more rapid 
and powerful the current, the closer and more com- 
pactly were the joints of the Bridge pressed toge- 

6 
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A BRIBGE AT B O O T A N^ 

CONSTRUCTED OF TWO ROPES. 

" A very curious and simple Bridge, for the 
accommodation of single passengers, communica^ 
ted between this and the opposite mountain. It 
consisted of two large ropes made of twisted creep- 
ers, stretched parallel to each other, and encircled 
with a hoop. The traveller, who wishes to cross 
over from hence, has only to place himself between 
the ropes, and sit down in the hoop, seizing one 
rope in each hand, by means of which he slides 
. himself along, and crosses an abyss on which I 
could not look ^vithout shuddering. Custom, how- 
ever, has rendered it familiar and easy to those who 
are in the practice of thus passing from one moim- 
tain to the other, as it saves them, by this expe- 
dient, a laborious jounaey of several days.'' p. 54. 

A BRIDGE AT BOOTAN, 

CONSTRUCTED OF SEVEX CHAINS. 

" We descended the mountain, and crossed the 
chain Bridge called Chuka-cha-zum, stretched over 
the Tehintchieu river,^ a short distance above the 
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easde of Chuka^ which is reckoned eighteen miles 
from Murichom. For the best explanation of its 
construction, I refer to the annexed plan and sec- 
tion, constructed from a measurement of the differ- 
ent parts.* Only one horse is admitted to go over 
it at a time ; it swings as you tread upon it, react- 
ing at the same time with a force that impels you, 
every step you take, to quicken your pace. It 
may be necessary to say, in explanation of the 
plan, that on the five chains that support the plat- 
form, are placed several layers of strong coarse 
mats of bamboo, loosely put down, so as to play 
mth tiie swing of the Bridge ; and that a fence 
on each side, of the same materials, contributes to 
the security of the passenger.'' p, 55. 

A BRIDGE AT DURHAM,t 

CONSTRUCTED OF CHAINS. 

" A similar Bridge to the last mentioned, over 
Ae river Tees, is described by Hutchinson, in 

his History and Antiquities of Durham. " About 
two miles above Middleton, where the river-fells in 

* See plate No. 6. t England. 
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repeated cascades, a Bridge, suspended on ir<m 
chains, is stretched frpm rock to rock, over a 
chasm nearly sixty feet deep, for the passage of 
travellers, but particularly for miners : the Bridge 
is seventy feet in length, and little more than two 
feet broad, with a hand rail on one side, and planks 
ed in such a manner that the traveller experiences 
all the tremulous motion of the chain, and sees 
himself suspended over a roaring gulf, on an ^- 
tated restless gangway, to which few travellers 
dare trust themselves." p. 56. " In a nation 
where no records are kept to perpetuate the me- 
mory of the achievements of genius, and in which 
the minds of the people are remarkably prone to 
superstition, perhaps more than a centtuT* may not 
be necessary, to deify the author of a great work. 
Thus it is, that the Bridge of Chuka is reckoned 
to be of more than mortal production. No less a 
being than the dewta Tehuptehup could possibly 
have contrived so curious a piece of mechanism* 

Neither the origin nor the history of this renowned 
Tehuptehup can be traced with any degree of cer- 
tainty ; but the works they assign to him, the road 
up the mountain, and the Bridge at Chuka, do ere- 
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to a genius, who deservedly ranks high upon 
the rolls of Fame, and justly claims from the inha.. 
bitants decided tokens of respect and gratitude*'^ 

A BRIDGE AT BOOTAN, 

CALLED SELOCHAZUM, CONSTRUCTED OF TWO CHAINS^ 

" We had proceeded about five or six miles, 
when, at a smdl distance from the road, my eye 
was caught by a Bridge for foot passengers, of an 
extraordinary construction. It was composed of 
two chains stretched parallel to each other across 
the river, distant four feet from each other, and 
on either side resting upon a pile of stones raised 
upon each bank about eight feet high : they were 
carried down with an easy slope, and buried in 
the rock, where being fastened round a large stone, 
they were confined by a quantity of broken rock 
leaped on them. A plank about eight inches broad 
hung longitudinally, suspended across the river with 
roots and creepers, wound over the chains with a 
slackness sufficient to allow the center to sink to 
the depth of four feet below the chains. This 
Bridge, called Selochazum, measured, from one 
side of the water to the other, seventy feet. The 
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creq)ers are changed annually ; the planks ait all 
loose, so that if the creepers ^ve way in any part, 
they can be removed, and that particular part rcr 
psdred without disturbing the whole," p. 59. 

A BRIDGE AT BOOTAN, 

OYBR TH£ TEHINTCHIEU-PATCHIEU, CONSTRTCTED OF 

LONG BEAMS OF FIR. 

" At a distance from hence we passed Durbec 
Castle, built upon the crown of a very steep rock, 
which stands on the road to Paro, and within its 
district. The foot of the rock is washed by the 
Tehintchieu-Patchieu, over which is thrown a wood- 
en Bridge, constructed of long beams of fir, reach- 
ing from side to side, with deal planks placed 
crossways on them, and bound down with bands of 
bamboo. Although these Bridges are strong, yet 
they are of a most simple structure ; and there is 
this peculiar advantage in them over heavy masses 
of masonry, that in times of commotion, they can 
be very quickly removed on the slightest emergen- 
cy." p. 60. 

" At the foot of the Chupka mountain, we cros- 
sed a Bridge, styled Russoo-Noomboo, and ascend- 
tid by a very steep and rugged road to the Castk," 
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^* There are wooden Bridges across the river at 
Choomboo, Sese, and other places that \ve pas- 
sed.'* p. 61- 

" We crossed a substantial and elevated wooden 
Bridge over the Tehintchieu, six miles from 
Wangoka, where the bed was a rocky descent, and 
the stream, of course, extremely rapid." p. 62. 
Finally, a Bridge over the Matchieu-Patchieu, con- 
ducted us to the hill, on which the Fortress of 
Wandipore stands. I must return to this remarka- 
ble structure to give a particular description of it. 
The Castle of Wandipore, with its gilded canopy, 
is of equal antiquity with the Bridge ; and bodi 
are said to have been erected by Lam Sobroo, 
about one hundred and forty years ago, when he 
first entered and possessed himself of Bootun.'' 

r A BRIDGE AT W A N D I T C) R E, 

CONSTRUCTED WITH LOGS OF FIR. 

^ The Bridge at Wandipore is of singular lightness 
and beauty in its appearance. It is composed entirely 
of fir, and lias not the smallest piece of iron, or imy 
Other metal, to connect its parts ; it lias three gate- 

.^ ways ; one on each side the river, and another 
erected in the stream, upon a pier, which is pointed 

7 
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like a wedge towards the current, but is on the 
opposite side a little convex ; below it, the eddy, 
produced by the reunion of the divided water, 
has thrown up a large bed of sand, on which grows 
a large willow, that flourishes extremely. The 

gateway, on the Tassisudon side, is a lofty square 
stone building, with projecting balconies near the 
top, bordered by a breastwork, and pierced with 
a portcullis. The span of the first Bridge, which 
occupies two thirds of the breadth of the river, 
measures one hundred and twelve feet : it consists 
of three parts, two sides and a centre, nearly equal 
to each other ; the sides having a considerable slope, 
raise the elevation of the centre platform, which is 
horizontal, some feet above the floor of the gate- 
ways. A quadruple row of timbers, their ends be- 
ing set in the masonry of the bank and pier, sup- 
ports the sides i the centre part is laid from one side 

to the other. The beams and planks are both of 
hewn fir ; and they are pinned together by large 

wooden pegs. This is all the fastening I could 
observe ; it is secured by a neat light rail. The 
Bridge, from. the pier to the hill, is horizontal, and 
the beams rest on the pier, and on a triple row 
of timbers let into the bank : it has a penthouse 
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over it, which is covered with shingles. The 
sound state of this Bridge is a striking instance of 
the durability of the turpentine fir ; for, without the 
application of any composition in use for the preser- 
vation of wood, it has stood exposed to the changes 
rf the seasons for near a century and a half, without 
exhibiting any symptoms of decay, or suffering any 
injury from the weather." p. 133.* 

" We crossed the Patchleu over a covered wood- 
en Bridge, and turning to the right, passed through 
a door way in a wall, that serves to part the court- 
yard from the Rajah's garden." p. 138. 

A BRIDGE AT TIBET, 

CONSTRUCTED OF TIMBER AND STONE. 

" At the foot of Painom, over the broadest part 
of the river, was constructed a long Bridge, upon 
nine piers of very rude structure. The piers were 
composed of rough stones, without cement, but, to 
hold them together, large trees, with their roots 
and branches, had been inserted; and some of 
them were vegetating. Slight beams of timber were 
laid from pier to pier ; and upon them large flat 

* See plate 9. 
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stones were loosely placed, that tilted and rattto4 
when trod upon : and this, I fear, is a specimen oC 
their best Bridges in Tibet. Many of them were 
extremely dangerous to pass over," 

Before we leave the East-Indies, we shall men* 
tion some of the Chinese Bridges, which are con- 
sidered as wonderful pieces of art, scarcely to he 
parallelled by any'thing of the kind in Europe. The 
most surprising of these structures is 

A BRIDGE UV CHINA, 

CONSTRUCTED OF WHITE STONE, WITH A SINGLE ARCy 

which has obtained the name of the flying Bridge, 
from its being built over an extensive river, from 
one mountain to another, and consisting only of 
one single arc, five hundred cubits, or seven hun- 
dered and fifty feet high from the Avater, and four 
hundred cubits, or six hundred feet span. This 
immense arc is semicircular, the stones that form the 
archivolt are from seven to twelve feet in length, 
the voussoirs are intradossed and extradossed from 
a centre like unto tte arches in Europe, and the 
whole of the masonry of this Bridge executed in a 

style that would do credit to the artificers of any 
country. 
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A BRIDGE IN CHINA, 

COHSTRVCtED OF BAROES. 

Another remarkable Bridge in the province of 
Chansi, at the conflux of two lai^ rivers, which is 
built upon one hundred and thirty barges, chained 
together, but so contrived as to open and admit 
vessels to pass tlirough, after paying the usual 
tf>U. This sort of Bridge is common in China. 

TWO BRIDGES IN CHINA, 

CONSTRUCTED OF 9T0NE, WITH NUMEROUS ARCHES. 

In the province of Fo-kien, is a Bridge of one hun- 
dred and eight)^ chains in length, or eleven thousand 
dgfat hundred and eighty feet, by twei>ty-five feet 
Wide. It is built with three hundred and one hori- 
soQtal arches, and supported by three hundred 
TOWS, or ranks of pillars, besides the two abutment 
piers ; has a parapet on each side, and is adorned 
with the figures of lions, at certain distances ; and 
a variety of other sculptures. At Fuchew, the cap- 
ital of Fo-kien, is erected a Bridge of a similar 
kind, four thousand nine hundred and fifty feet in 
length) and consists of one hundred lo£ty arches« 
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The parapets of this Bridge are also ornamented 
with figures of lions and other animals. The whole 
of the material of these Bridges is fine hard white 
stone, and they are supposed to have been erected 
for many ages past. 

A BRIDGE IN PERSIA, 

CONSTRUCTED OF BRICK. AND FRERSTONE. 

This bridge is built at Zulpha, one of the suburbs 
of Ispahan, and is represented by Taverier and 
Thevenot, as one of the finest structures in Per- 
sia. It is nearly one thousand feet in length, and 
fifty in breadth. It is built with a great number of 
arcs turned with freestone, the water-tabling, 
cornices, and ornaments, are of the same sort of 
material, but the spandrel walls between them are 
of brick. The road over this Bridge is almost level, 
the middle of it being not much higher than the 
ends. On each side is a gallery ten feet broad, which 

reaches from one end of the Bridge to the other, 
and is raised several steps above the level of the 
Bridge ; this gallery is also supplied with frequent 
openings for the sake of light, fresh air, and a 
prospect of the river. Those persons that desire a 
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more open passage, may walk upon the platform 
over the said galleries, but generally the passenger is 
so much exposed to the heat of the sun in summer, 
and the effects oftempest in the winter, that he gen- 
erally chuses the covered walk, which also serves 
for a horse-way, when the river overflows and fills 
the middle way of the Bridge, more particularly 
intended for that purpose. But what is most re- 
markable is another passage, when the water is low 

in summer, which is particularly agreeable, on ac- 
count of the coolness it affords. This way is near- 
ly even with the bottom of the river ; but there 

are stones so placed that persons may walk over 
without wetting their shoes ; and openings are 
made through the piers from one end of the Bridge 
to the other ; the whole furnishing a most splendid 
appearance. 

MODEL OF A PROPOSED 

BRIDGE IN RUSSIA, 

CONSTRUCTED OF TIMBER. 

Mr. C OX E, in the account of his travels through 
Muscovy, in Russia, in the year 1789, informs us 
of a certain Russian peasant, possessed of but little 
knowledge in the theory of mechanics, who, after 
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having produced many truly curious inyentioDs, 
projected the sublime plan of throwing a wooden 
Bridge, of a single arc, across the spacious river 
Neva, although the stream, in the narrowest part, 

is nine hxmdred and eighty feet broad. His plan 

is to form the Bridge by four frames of timber, 

two on each side, composed of various beams or 
trusses, which are to support the whole machine ; 
the road, instead of being carried over the top, cf 

the arc, is to be suspended in the middle, and 
the structure is to be roofed at the top, and cover- 
ed at the sides. According to the computation of 
the projector, this Bridge would require twelve 
thousand nine hundred and eight large trees, and 
five thousand five hundred beams to strengthen 
them, forty-nine thousand six hundred and fifty 

iron nails ; and the expense of its erection would 
amount to three hundred thousand roubles, or 
sixty thousand pounds sterling. He is perfectly 
convinced of the practicability of this scheme, and 
the admired writer, from whom we have extracted 

the substance of this account, seems of the same 
opinion. But whether the execution of so stupen- 
dous a work be deemed possible or not, the model 
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is certainly worthy of attention, and reflects the 
highest honour on the inventive faculties of an un- 
improved genius. The model is ninety-eight feet 
long, and is constructed with such uniform solidity, 
that it has supported fifty-six ton seventeen hun- 
dred three quarters and twelve pounds weight, in- 
eluding its own gravity, and the weight with which 
it was loaded, which is far more, in proportion to its 
size, than the projected Bridge would have to sus- 
tain fix>m its own weight and the additional pressure 
of carriages.* 

A BRIDGE IN ITALY, 

COKSTRUCTED OF MARBLE. 

This fionous Bridge, called the Rialto, is at Venice, 
and is universally allowed to be one of the finest 
in Europe. It was built in the year one thousand 
five hundred and ninety-one, from a design of the 
celebrated Michael ANCELo,andissaid to have 
cost two hundred and fifty thousand ducats. 

It consists of a single Arc, all of marble, has 
nils on each side, and two rows of jewellers shops 
in the middle. The dimen^ons of this Bridge are 

• Wonders of Nature and Art, toL iii, p. 120. 
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as follows : the segment of the arc is exactly oti^ 
tlurd part of a \vhole circle ; its span on the level 
of the water, from one abutment to the other, is 
ninety-five feet, and its height twenty -four.* 

A BRIDGE IN SWITZERLAND, 

CONSTRUCTED OF TIMBER. 

The late Bridge over the Rhine, at Schaffhausen; 
was of singular architecture, and worthy of particu- 
lar attention. Several stone Bridges had been car- 
ried away by the rapidity of the torrent, when a 
carpenter of Appenzel offered to throw a wooden 
Bridge of a single arc across the river, which is nearly 
four hundred feet wide. The magistrates, however, 
required that it should consist of two arcs, and that 
the middle pier of the old Bridge should be employ* 
ed for that purpose ; but although the architect was 
obliged to obey, he contrived to leave it doubtful 
whether the Bridge was supported by the middle 
pier, and whether it would not have been equally 
safe if formed after his own plan. A man of the 
lightest weight felt it vibrate under him, though 
waggons heavily laden might pass over it without 

* Vol. ii, p. 94 
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danger. Its mechanism, though simple, was most 
extraordinary, and afforded a striking proof of the 
abilities of the man who projected and executed it, 
without the least knowledge of mathematics, and, 
in fact, without the least pretensions to literature. 
This curious Bridge was finished in less than three 
years, at the expense of eight thousand pounds ; but 
it was burnt by the French troops, when they 
evacuated Schaffhausen, after being defeated by the 
Austrians, in the spring of seventeen hundred and 
ninety-nine.* 

A BRIDGE IN SWITZERLAND, 

CONSTRUCTED OF STONE. 

At Bex, in the Canton of Bern, is a stone Bridge 
over the Rhone. It consists only of one Arc of a 
considerable height, with a handsome tower on the 
top, and is nearly five hundred feet span, 

A BRIDGE IN SWITZERLAND, 

CONSTRUCTED ALSO OF STONE. 

In the canton of Uri is a stone Bridge, erected 
over the Russ, of a surprising height, consisting 
solely of one arc, resting upon two high rocks. 
The neighbouring peasants have given it the name 

* Vol. ii, p. 204. 



60 HISTORY 

of " THE devil's bridge," from a simple opin- 
ion that such a stupendous work must lutve been 
erected by the Devil. 

A BRIDGE IN SWITZERLAND, 

CONSTRUCTED ALSO OF TIMBER. 

Ulrich Grubenman, of Tufien, in the canton 
of Appenaeely the same self-taught artist that erect* 
ed the Bridge at Schaffhausen, afterwards built a 
wooden Bridge at Wettingen, a litde more than a 
mile distant from Baden, which is allowed to be a 
most admirable piece of mechanism. The whole 
of the weight of this Bridge is carried by a single 
Arc composed of two circular ribs, one on each 
side of the Bridge. Each rib is miade up of seven 
thicknesses of timber, belted together with iron 
hoops and keys, making m depth sevim feet : these 
are placed in the form of a true segment of a circle 
of four hundred and fifty feet diameter, and the 
ends theareof regt in a timber shoe, walled into the 
abutment, so as to prevent the Ridge by its gravi- 
ty from pressing out the curve. The platform on 
which the carriages pass is lowered down between 
these ribs about twelve feet from thci level of the 
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«rown of the arc, and is supported by cross beams 
which hang on the external framing* The span of 
die arc by actual measurement is two hundred feet ; 
the cradle, frame and shoe, that contain the ends of 
the ribs on each shore, and which support the con* 
tinuation of the floor of Bridge above, advances 
twenty feet on each side; making the whole 
length of the floor, from end to end, two hundred 
and forty feet. Thb Bridge also, like that of 
Schafiliausen, is covered with a roof. For a fur- 
dier illustration of its form, see plate 7. Mr. Coxe, 
in the first volume of his travels in Switzerland, 
observes, that the waters of the Limmat flow under 
this Bridge with such rapidity, that in the moment 
he was admiring its bold projection on the one side, 
by the velocity of the current he was impercep. 
tibly huiied to the other, in the twinkling of an 
eye, 

BRIDGES IN AFRICA, 

CONSTRUCTED OF TRBBS. 

In Afferent parts of Africa there are Bridges of a 
very singular construction. The sort most fi«* 
quently preferred are built in the following man- 



»* 
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ner. Several lai^e trees are fallen with the princi- 
pal part of their roots cj^uUy preserved; the "^ 
number intended to compose the Bridge are then 
launched into the river two at a time, (me fix>m 
each shore ; the tops of the trees which float on the 
water are next fastened together with green bam- 
boos ; the roots of each tree rest in a hole dug in 
the bank on each shore, and when the Bridge is fin-, 
ished, they are covered over with the earth that was 
first dug therefrom j by which means the trees, 
though many of them are very large, often take 
root and grow luxuriantly. When this happens to 
be the case, the Bridge is sure to last for a much 
longer time than those that possess no tie in the 
banks of the river. The road-way over these 
Bridges is covered with dry bamboos, and the 
whole form a passage descending from dach end 
toward the middle, like an inverted arc. In rainy 
seasons, these Bridges, where the roots of the 
trees have no hold in the banks of the river, are 
frequently carried away by the current ; but a smaU 
tribute, collected from passengers, serves to rebuild 
them. Similar Bridges to these are to be tquxiA 
also in Norway. 
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BRIDGES IN NORWAY, 

CONSTRUCTED OF MASTS. 

Where the rivers in Norway are deep, and the 
rapidity of the current such that no timber pier 
can withstand its force, there Bridges of con- 
siderable extent, constructed of laige masts, are 
frequently erected. The parts of the masts, which 
are to rest on each other, are first hewn to a flat 
surfece, whereby to prevent them from rolling; 
one tier of the largest of these masts is then project- 
ed into the river from each side, with the thickest 
end fastened to the rocks : the first tier, faking 
the width of Bridge, being thus laid in the water, the 
aeomd is placed thereon, extending six or eight 
'feet beyond the first ; then a third, fourth, or fifth 
tier, in the same wder, till they reach the middle 
of the stream, where they are joined by the con- 
nected masts from the opposite shore- The pas- 
senger, in crossing over this Bridge, is often alarm- 
ed by its swinging and cradling, especially in the 
middle, and which to strangers appear so extremely 
dangerous, that they always dismount trora their 
horses, and prefer to lead them over. 
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BRIDGES IN NORWATt 

CONSTRUCTED WITH P|BBtt. 

Over those rivers that are the most uride, and 
where the waters are also shallow, Bridges are erect- 
ed with piers, formed of wooden cases, filled with 
stones, on which are laid the longitudinal breast- 
summers that carry the weight of the platform* 
The largest Bridge of this kind in Norway has for- 
ty stone cases, and is three hundred feet in lengdi 
by twenty-eight feet wide* 

BRIDGES IN SPAIN, 

CONSTRUCTED . OF STONE, AND SOME Of WOOD. 

There is a handsome Bridge over the Guadianna, 
at Badajoz, consisting of thirty arcs, and more than 
fifteen hundred feet in length* At Saragossa are 
two noble Bridges over the Ebro, the one of stone, 
the other of wood, which latter is reckoned the 
finest of the kind in Europe ; and the Bridge over 
the Manzanarez, at Madrid, built by Phillii* II, 
is very long and magnificent. To these we must 
add the fine Bridge over the Mondego, at Coimbra, 
in Portugal, consisting of a double range of arcs 
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one above another, forming an extensive covered 
way, through which passengers pass, without being 
exposed to the weather.* 

A BRIDGE IN PORTUGAL, 

CONSTRUCTED OF STONE. 

The Romans, while masters of Spain and Portu- 
gal, erected many magnificent structures : the re- 
mains of some of them are to be seen in sundry 
parts of the kingdom to the present day. Among the 
rest was a splendid Bridge over the Tagus, at Al- 
cantara, which was built of stone, in the reign of the 
emperor Trajan. This Bridge consisted of six 
arcs, each one hundred feet span, the height thereof 
firom the face of the water is said to be two hundred 
feet. About two miles above this Bridge is a mod* 

cm work of art, which may vie with the noblest 

« 

labors of the Romans ; namely, the 

AqUEDUCT 

BRIDGE OP ALCANTARA, 

CONSTRUCTED OF STONE, 

near the city of Lisbon. It is one of the most, 
magnificent works of the kind ever executed, and 

* Wonders of Nature and Art, vol. i, p. 272. 

9 
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was begun in the reign of John V, king of Portugal, 
in the year one thousand seven hundred and thirteen, 
and finished the sixth of Au^st, one thousand 
seven hundred and thirty-two. The architect, 
under whose inspection it was begun and finished, 
was the brigadier Mansel de Maya. The 
streams which pass throu^ this duct, for the use 

of the inhabitants of the city of Lisbon and villages 
adjacent, have their chief supply from a spring near 
the Riberia de Caranque, about three leagues and 
a half from Lisbon, where the aqueduct com- 
mences ; and the water is conveyed from thence 
through the hills by subterraneous passages, where 
some other springs unite with them, and cross 
many valleys on the tops of ranges of very magnifi- 
cent arcs, of which that crossing the vale of Alcan- 
tara is the chief. From a subterraneous course the 
water is conveyed through the building on the top 
of the arcs, by means of two channels, which afibrd 
an abundant and never-failing supply of water to 
Lisbon. 

The water-channel under the grand arc of Bridge 
is about twenty.four feet wide, and seven feet deep, 
but, except in very rainy seasons, no water passes 

through this chamel ; the small running stream 
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constantly passing through the vale of Alcantara, 
till it empties itself into the Tagus at Alcantara 
Bridge, about the distance of two miles from the 
Aqueduct. 

This immense building consists of thirty-five 
arcs, tiie centre one of which is one hundred and 
eight feet in span, and two hundred and twenty. 
seven feet high ; the total length of the piers and 

arcs is two thousand four hundred and sixty-four 
feet."* 

TRAJAN'S BRIDGE, 

OVER THE DANUBE, 

is one of the most celebrated structures of ancient 
times. If we may believe the description given of 
it by Dion Cassius, and we have no reason to 
doubt it, the Bridge was composed of twenty piers 

of squared stone, each of them one hundred and 
fifty feet high above the foundation, sixty-feet in 
twreadth, and one hundred and seventy feet distant 
from each other, which \vas the width of the arcs, 

* The preceding account of this Bridge we have extract- 
ed from that valuable repository of information which is 
now republising in Philadelphia, with many important ad- 
ditions : DR. REES'S New Cyclopaedia. 
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being twenty-one in number ; the whole length of 
the Bridge being nearly four thousand five hun- 
dred feet. 

THE BRIDGE OF NARNI 

IN ITALY, 

built by Augustus Cjesar, over the river Nera, 
is often mentioned by the Roman writers, and was 
considered by them an extraor^nary work of art. 
Agostino Martinelli, who lived in one thou- 
sand six hundred and seventy-six, describes this 
Bridge to have been six hundred and thirty-seven 
feet in length, consisting of four arcs of immense 

and unequal dimensions. One of them, the first, was 
entire in the time of Martinelli, and measured 

seventy. five feet wide, by one hundred and twelve 
feet six inches high ; the second was one hundred 
^d fourteen feet wide, the third one hundred and 
thirty-five feet, and the fourth one hundred and 
forty-two feet. Mr. Addison, i^his remarks on 
several parts of Italy, where he travelled in the years 

1701, 2, and 3, says that he saw the remains of this 
Bridge, which joined two mountains together, and 
considered it one of the most stately ruins in 
Italy. It has no cement, and looks as firm as one. 
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entire stone. There is an arc of it unbroken, the 
broadest he had ever seen ; and he concludes that this 
was the identical Bridge mentioned by Martial, 
Lib. yii, Epig. 93, 

Sed jam parce mihi^ nee abutere Namia Quinto ; 
Perpectuh liceat sic tibi Ponte frui ! 

BRIDGES IN FRANCE. 

The first that we shall notice, is the famous 
Bridge over the Rhone, at St. Esprit, in Languedoc, 
which is reckoned one of the finest in Europe. 
This Bridge is of stone, and of a great length, 
consisting of twenty-six arcs, whose piers are se- 

cured by two pedestals that surround each, which 
have their projectures like rows of steps or stairs, 

the lowermost projecting most, the other less by 

degrees. Above these are several small arcs, which 
^vide the feet of the great ones, and reach as low 
as the plane of the uppermost pedestal. As the 
Rhone b a very rapid river, this Bridge is admirably 
contrived to withstand its violence ; for the unequal 
juttings of the pedestals serve gradually to break 
the force of the stream, and when the flood swells 
so high as to cover them, which it frequently does, 
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the small arcs or openings in the piers give a free 
passage to the water, which otherwise endanger the 
fabric. Besides, the Bridge is not strsdght, but bent 
in several places, forming unequal angles, which are 
greatest where the current is strongest, and there* 
by its fury is opposed and broken. 

Dr. Smollet, mentioning this Bridge, ob- 
serves, that it is a great curiosity from its length, 
and the number of its arcs ; but that the arcs are 
too small, the passage above is too narrow, and 
the whole appearance too slight to resist the impetu- 
ous force of the river,* 

THE BRIDGE, PONTNEUF, 

m 

AT PARIS, 
CONSTRUCTED OF STONE, 

was begun in the reign of Henry III ; that mon*- 
arch having laid the first stone upon the thirty-first 
of May, one thousand five hundred and seventy- 
eight ; but it was not completed till the year one 
thousand sis: hundred and four. It consists of 
twelve arcs ; is one thousand and twenty feet long, 
and seventy-two feet broad, of wluch the carriage- 

* Wonders of Nature and Art. 
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way is thirty feet, and the rest is taken up by a 
foot-path raised on each side. Over each pier is a 

semicircular parapet, round which there is a cornice, 

resting on lare consoles, and adorned with busts.* 

BRIDGE AT ROUEN, 

CONSTRUCTED OF BOATS. 

This Bridge was built in lieu of the magnificent 
St(Hie Bridge erected there by the Romans, and b 
mentioi^ by a modem writer as one of the great- 
est wondars of the present age. It is nearly nine 
hundred feet IcHig, and is paved with stone, so firm, 
that horses and carriages, with the greatest burthens, 
pass over it in perfect safety, although there are 
no xaSs on either side. It always floats and rises 
with the tide, oc as the land waters fill the river. 
The boats are admirably moored with strong chains, 
and the whole is constantly repaired, though now 
very old.* 

BRIDGE OFNEUILLY, 

CONSTRUCTED OF STONE. 

Several of the Bridges in France are remarkable 
for their size and boldness of construction ; among 

• Wonders of Nature and Art. 
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which may be mentioned the Bridge of Neuilly, 
built by M. Perronet, over the Seine, on the 
alignment of the great avenue of the Champs 
Ely sees, in front of the Palace of the Tuilleries, 

This Bridge, which is level at top, consists of five 
equal arcs of one hundred and twenty-eight feet in 
span, by thirty two feet rise. The arcs are oval, 
composed of eleven arcs of circles of diflFerent diam- 
eters ; thus the upper portion of the arc was farmed 
with a circle of one hundred and sixty feet radius, 

which, by its settlement during the building, and 
after the striking of the ceintres, was flattened, till it 
became an arc of a circle of two hundred and fifty- 
nine feet radius, differing so little from a platband, 
that, as Perronet observes, the rise of the 
curve, in a length of thirty -three feet, amounted 
only to six inches nine lines. The piers are four- 
teen feet wide, and the breadth of the Bridge is 
forty-eight feet. It was begun in the year one thou- 
i^nd seven hundred and sixty-eight, and finished 
in the year one thousand seven hundred and 
eighty.* 

* Rees's new Cyclopa&dia.- 
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THE BRIDGE ON THE SEINE, 

CONSTRUCTED OF STONE. 

This Bridge is erected near Mantes, and consists 
of three arcs, the one in the centre having an open- 
ing of one hundred and twenty feet French, one hun- 
dred and twenty-eight feet English^ and the two 
others one hundred and eight feet French, one hun- 
dred and sixteen feet English j the piers being 
twenty.five feet six inches wide, and the abutments 
twenty-nine feet. This structure \v^s begun by 

M. HuPEAU, in one thousand seven hundred and 
fifty-seven, and completed by Perronet.^ 

THE bridg£ of 
PONT-SAINTE-MAIXENCE, 

CONSTRUCTED OF STONE, 

over the river Oise, on the great road from Paris 
into Flanders, and is also a work of Perro net's. 
This Bridge, which is forty-one feet wide, has 
three arcs of seventy. seven feet opening; each being 
a segment of a circle described with a radius of 
one hundred and eighteen feet. Each pier is sin- 
gularly composed of four cylindrical pillars, nine 

* Dr. T^ccs's New Cydopccdia. 

10 
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feet diameter, leaving, therefore, three spaces or in- 
tercolumniations between them, which are covered 
over with an arc, the two external ones closed up 
with a thin walling, and the middle one left open. * 

THE BRIDGE OVER THE LOIRE, 

AT ORLEANS, 
IS CONSTRUCTED OF SrONE> 

and is composed of nine arcs, which spring at twelve 
inches above low water ; the middle arc is one 
hundred and six feet in span, with a rise of thirty 
feet ; tlie two arcs at the extremities being ninety- 
eight feet wide and twenty-six feet high, and the 
others in proportion ; the four middle piers are 
nineteen feet, the four others eighteen feet, and the 
abutments twenty-three feet six inches thick, ma- 
king the whole length eleven hundred feet; the 
arcs are oval, described from three centres. This 
Bridge was built by M. Hupeau, was begun 
in one thousand seven hundred and fifty, and finished 
one thousand seven hundred and sixty.* 

Account of the Bridge which is constructed at 
Parisf, between the Louvre and the Hotel de Quatre 
Nations, and of the experiments made to ascertain 
its stability. 

* Dr. Rees's New Cyclopaedia. 
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FROM THE BULLETIN DES SCIENCES.* 

T HE BRIDGE O F T H E I. O U V R E. 

CONSTRUCTED OF CAST-IRON. 

This will be the first Bridge in Fnuicc in which 
the arcs have been made of iron, or ratlicr of cast- 
iron. It is even the first ^^•hich has been executed 
in Europe according to the system adopted in its 
construction ; and this system has the advantage of 
greatly economizing the metal, in comparison widi 
diat used in England for iron Bridges. In fact, in 
that of Coalbrook Dale, on the Severn, constructed 
about twenty-four years ago, and which consists of 
a single arc one hundred feet in span, and twenty- 
five feet wide between the railings ; the weight of 
metal that has been employed amounts to seven 
hundred and fifty- seven thousand pounds ; whereas 
the weight of cast metal for the nine arcs of the 
Bridge of tlie Louvre will not amount to six hun- 
dred thousand pounds ; whilst its length between 
the abutments is five hundred and sixteen feet, 
and its width between the railings, thirty feet. It is 

* Repertory of Arts, 4 vol. second scries, 1803. 
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true the English Bridge serves for carri^es to 
pass over, whilst that of the Louvre is intended only 
for foot passengers. However, it has been ascer- 
tained, by the experiments which have been itiade^ 
that by augmenting either the number of ribs, or 
the dimensions of the pieces of which they are com- 
posed, it would by no means have required so 
much metal, though it be five times as long as the 
Coalbrook Dale Bridge, and wder than it, in the 
proportion of one hundred to seventy -four. The 
Bridge of the Louvre, see plate 13, fig, 1, 2, 3, 
consists of nine arcs, and each arc is formed of five 
ribs. See fig. 1. To each rib there are two pil- 
lars, j^ ff^ implanted into beds of cast metal, fasten- 
ed to the piers ; a large arc, gg^ ggj consisting of 
two pieces, which join in the middle ; two small 
arcs hhy hh ; two spurs i, i, and eight supports /, /. 
The five ribs are joined together by braces at 
a b c d^ c ba, and others between these ; and the 
iTpright, bars u m n o j&, are joined together by the 
brace g ?*, and the spurs stux. 

The metal pieces, of which this Bridge is con- 
structed, are cast near Toroude, in the depart- 
ment of the Ome. M. Dillon superintended the 
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construction of this Bridge, and made the experi- 
ments of which we are about to give an account. 

A rib of the Bridge, taken at a venture, had 
been fixed upon a frame of wood-work, so joined 
together in parts, that it could not sensibly length- 
en ; to it were adapted cast-iron beds similar to 
those fixed upon tlie piers, and upright bars, with 
forked tops, in order to prevent the rib from devia- 
ting from a perpendicular during its being loaded, 
and also to support it in case of its breaking, and 
seven boxes suspended at the same points, where 
every rib will experience the pressure of a part of 
the flooring, and of the persons who shall pass over 
the Bridge. 

The boxes were filled at the same time, till they 
contained double the weight which each rib must 

■ 

bear, under the supposition of an extraordinary 
concourse of people upon the Bridge ; and, during 
this operation, attention was paid to the changes (rf 
figure which took place in the great arc gg : it 
successively sunk at the key or summit c/, and rose 
towards theiiaunches 66, as every other body posses- 
sed of a slight degree of elasticity would have done, 
and it returned to its former position in proportion 
as the load was diminished. 



78 HISTORY 

These experiments therefore prove, first, that the 
system adopted has a degree of solidity more than 

what is necessary for the purpose for which it is 
intended, since the ribs upon which the experi- 
ments were tried resisted a weight twice as great 
as that which they were required to bear, though 
deprived of the increase of resistance which they 
will acquire from the flooring, according to the 
the manner in which it will be connected with 
dxm ; second, that the cast metal, though sulE- 
ckxithr scrft to be engraved upon and pierced 
ccUL in order to obtain a regular and solid combi^ 
nsncm of the parts, has yet sufficient tenacity, not 
sinsibJ^ to change its figure, nor to ^stort the 
<vT.irr>ctrr of its form. 

Aocoiuni of Bridges in Ireland, extracted from 
thai iiittjc^iing work, the Statistical Survey of the 
Cwnty ofLandondenVjby the Rev. G. Vaughan 
> t isox^ A. B, M. R. L A. 323 page. 

'« K f Jj G E OF LONDONDERRY, 

CONSTRUCTED OF TIMBER. • 

'* v/ffnUl \jc unpardoiiaUe not to mention that of 
fh ruy ot Ix/fidondeny in the first place. This 
**^>^U^/ mi, /./yii,,tructed by Umubi. Cox> of Bos- 



* 
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ton, in North- America ; it was completed in the 
space of thirteen months ; in length it is one thou- 
sand sixty-eight feet, in breadth forty-feet ; the 
piers consist of oak, from fourteen to eighteen 
inches square, and from fourteen to fifty-eight feet 
long ; tlie head of each post is tenanted into a 
cap-piece, fourteen inches square, and forty feet 
long, supported by three sets of girths and braces : 
the piers, which are distant from each other six- 
teen and a half feet, are bound together by thir- 
teen string-pieces, equally divided, and transversely 
bolted ; on the string-pieces is la id the flooring ; 
to each side of the platform is afiixed a railing, 
four and a half feet high ; inside railings ai'e also 
made to guard the foot passengers ; twenty-six 
lamp-posts are arranged along the sides of the 
Bridge. 

Between tlie middle of the Bridge and the end 
next the city, a draw-arc has been constructed, 
of which all the machinery is worked under the 
floor of the Bridge* The greatest depth of the 
river at low water is thirty-one feet, and tlie rise 
of the tide is from eight to ten feet. 324 p. The 
construction of a Bridge over this river had long 
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been a favourite object with the present Bishop of 
Deny (the Earl of Bristol), by whom, for this in- 
tent, the model of a wooden Bridge had been 
brought from Switzerland. Plans by Mr. Milne 

and Mr. P a y n e , of London, had also been under con- 
sideration for the same purpose. Mr. Cox^s bridge 
was opened for foot passengers in the latter part of 
the year 1790. A Bridge on the same plan has been 
constructed over the Bann, opposite Aghgivey, by 
a Mr. Mitch EL, of this country. 

Others, somewhat on the same model, but 
diminutives, have been laid across rapid rivers, 
where stone Bridges had often been attempted 
without permanent success. But for such situa- 
tions, without doubt, that construction is the best, 
which is hung over the channel, without any 
piers, which always obstruct the torrent, and en- 
danger, of course, the whole Bridge. Of this kind, 
one over the Fahan, contrived under the direction 
of Mr. AcHESON, seems to be safe^ solid, and not 
without an air of neatness, and even of some picture. 
It is hung on its owti baluster, by means of braces 
and beams, the uses of which might be better un- 
derstood by an inspection than by a concise descrip- 
tion. 
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The Bridge of Colraine, over the Bann, is of 
wood and stone ; the piers of stone ; p. 325. The 
flooring, spur-pieces, and railing, of wood. Over 
the flooring lies a bed of gravel, and pavement over 
this. It is neither strong, elegant, nor convenient. 

Among our stone Bridges, that of Toom, erect- 
ed by the late Lord O'Neil, though it belongs 
more strictly to the county of Antrim, yet is too 
usefully connected with Londonderry, to be en- 
tirdy unnoticed. Suffice it, however, to say, that 
it was built under an act of Parliament, conferring 
the toll on Lord O 'Neil, and that it is an erection 
equally beautiful and solid. 

There is a strong and neat Bridge, lately built 
over the Roe, by Mr. Gage, at the expense of the 
county. It consists of stone piers, covered and 
mled with timber. 

There are also several Bridges in and near Ac 
. city of Dublin worthy of remark. The one that 
ranks first in elegance is called 

SARAH'S BRIDGE. 

This Bridge is built of white mountain granite of 
a most firm, beautiful, and variegiated texture, with a 
singfle eliptical arc, of one hundred and two feet span'. 

11 
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On the top of the said Bridge is erected a neat and 
ornamental iron railing, set in a firm plinth and sub- 
plinth, for the protection of tlie foot-passengers on 
each side. Mr. Alexander Stevens, an in- 
genuous mason from Edinburgh, completed this 

Bridge, in the year one thousand seven hundred 
and ninety-two, 

CARLISLE BRIDGE 

is constructed of Portlaaid stone, has three arcs, and 
was built by the celebrated Gandon, Architect, 



ESSEX BRIDGE 

is constructed of white mountain stone, has five 

arcs, and was built in the year one thousand seven 

hundred and fifty-three, under the direction of the 
celebrated Semple, Architect. 



QUEEN^S BRIDGE 

is also constructed of mountain granite, and is built 
with three arcs. These four structures, it is said, 
are alike distinguished for their strength and archi- 
tectural symmetry. 



OFBRIDGES. 8Q 



BRIDGES IN great' BRITAIN 

In England and Wales are many Bridges of con- 
siderable note. The triangular Bridge at Croyland 
in Lincolnshire, which was erected about the year 
eight hundred and seventy, is said to be the most 
ancient Gothic structure remaining entire in the 
kingdom. There are two circumstances in the con- 
struction of this Bridge, which render it an object 
of great curiosity. First, it is formed by three semi- 
-arcs, whose bases stand in the circumference of 
one circle, at equal distances from each other. These 

unite at the top ; and the triune appearance of the 
structure has led some to imagine that it was inten- 
ded as an emblem of the Trinity. Secondly, the 
ascent on each of the semiarcs is by steps paved 
with small stones set edgeways, and is so steep 
that none but foot-passengers can go over the 
Bridge: horsemen and carriages frequently pass 
imder it, as the river in that place is but shallow. 
For what purpose this Bridge was really designed, 
it is difficult, if not impossible, to determine. Util- 
ity, it is obvious, was one of the least motives to 
its erection. To boldness of design, an^l singu- 
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larity of construction, it has more powerful claims ; 
and these qualities it must be allowed to possess in 
as great a degree as any Bridge in Europe. Al- 
though this Bridge has been erected so many ceok 
turies, it exhibits no marks of decay : twelve months 
ago there were no fissvu*es to be perceived in either 
of the arcs ; and all that was missed were a mound 
and sceptre, which have been torn from a statue of 
king Ethelbert by the ruthless hand of time.* 

LONDON BRIDGE, 

OVEIL THE RIVER THAMES. 

This ancient Bridge was first erected with tim- 
ber in the reign of Ethelred, one of the Saxon 
Princes, between the years nine hundred and ninety, 
four, and one thousand and ten ; it was rebuilt with 
the same sort of material in the year one liiousand 
one hundred and sixty-three, but this second for- 
mation of timber not proving equal to the first in 
strength, and a considerable improvement taking 
jdace in the erction rf Bridges ; about thirteen years 

afterwards, in the reign of Henry II, this last wood- 
en structure was taken down, and a Bridge of Port- 

•' * Rees's New CycIopaediiK 
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land stdne was begun to be erected in its stead: to 
ao€om{^i^ whieh, a tax was laid upon wool, 
which in the course of time gave rise to the notion, 
ain(mg the vulgar, that the said Bridge was buih 
upon woolpacks. In the reign of King J o h w^ about 
the year one thousand two hundred and mne, the 

&idge was finished, having been thirty-three years 
in building, at the public expense. But^ ahhough 
it was now constructed of a material much less pe- ** '^' 

rishable than the former, yet we find that in the reign 
of Edward I, one thousand two hundred and 
eighty-one, the King, being informed of the ruin- 
ous condition of London Bridge, granted his letters 
patent, empowering the keeper of the said Bridge 
to receive a toll of such persons as should pass over 

it. The winter following, at the breaking up of a 
severe frost, five arcs of this Bridge were entirely 
swept away by the violence of the ice. Since that 

period it has undei^one many alterations, repairs 
sffid improvements. This Bridge is erected in the 

rfd Gothic style, and had twenty arcs, but two of 
these having been thrown into one, in the centre, for 
the purpose of ^vmg more water-way, there are 
now only nineteen remaining. The loigth of Bridge 
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is nine hundred and thirty-two feet; the height firom 
low water msak is f(»ty-four feet. Formerly this 
Bridge was remarkabk for the lofty houses and 

shops erected on each ^de of it, which gave it so 
much the appearance c^ a street, that a stranger 
scarcely knew he was crossing the fiver, till he dis- 
covered it by two openings near the middle ; the 
whole width of Bridge from out to out of the 
houses on each side, was seventy-three feet ; but 
the street between the houses was only twenty-three 
feet wide. The narrowness of this passage hav- 
ing occasioned the loss of many lives, from the 
number of carriages passing and repassing; likewise 
the enormous size of the sterlings, which took up 
one-fourth part of the water way, and rendered the 
fell at low water no less than five feet, having also 
occasioned frequent and fatal accidents ; the city of 
London, in 1756, obtained an act of parliament for 
improving and widening the passage over and 
through the Bridge. This act was afterwards ex- 
plained and improved by another ; in consequence 
of which, this Bridge has now a passage of tWrty-one 
feet for carriages, with a raised pavement of stone, 
seven feet broad on each side, for the use of fooV 
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passengers, and the sides are secured and adorned 
by stone balustrades, enlightened in the night with 
lamps. The passage though the Bridge, as above 
remarked, is also enlarged, by throwing the two 
middle arcs into one, and by other improvements ; 
yet London Bridge is still deemed so unfit for its 
situation, that it is intended to take it down, and to 
iprect an elegant cast-iron Bridge in its stead.* 

WESTMINSTER BRIDGE^ 

OYER THE RITER THAMES^ 
CONSTRUCTED OF PORTLAND STONE. 

Westminster Bridge is universally allowed to be 
one of the finest in the world. The first stone of 
this noble structiu^ was laid on the 29th of Janua- 
fy , one thousand seven hundred and thirty-eight, by 
the earl of Pembroke, and was finished and opened on 
the 17th of November, one thousand seven hundred 

« 

and fifty. It is adorned and secured on each side by a 
very lofty and noble balustrade. Over every pier is a 
recess on each side, forming a semioctagon, and 
twelve of these are covered with half domes, four at 
ch end, and four in the middle. Between those in 
* Wonders of Nature and An. 
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the middle are pedestals, which wei^ intended to 
support a group of figures ; and the whole is lifted 
in the night by a great number of lamps beautifully 
disposed. This magnificent structure is one thou- 
sand two hundred and twenty-three feet in lei^th, 
and forty.four in breadth. The space allowed for 
passengers consists of a commodious foot-way, 
seven feet broad on each side, paved with broad 
moor-stone ; and the intermediate road is sufficient 
to admit the passage of three carriages and two 
horses abreast. The Bridge consists of thirteen 
large and two small arcs, with fourteen intermedi- 
ate piers. The arcs are all semicircular, f^ spring 
from about two feet above low water mai^; the 
centre arc is seventy- six feet wide, and the rest de- 
crease in width equally on each side, by four feet ; 
and the free course for the wato* under the arcs is 
eight hundred and seventy feet, so that there is no 
sensible fall of water. The foundation is ]sdd on a 
firm and solid mass of gravel, which lies at the bot- 
tom of the bed of the river, but at a much greater 
depth on the Surry, than on the Westminster side ; 
and this inequality of the groimd required the 
lcngd> of the several piers to be veiy different, as 
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Jabtot have their foundations laid at five, and others 
at fourteen feet under the bed of the river. The 
piers are all four feet wider at their foundation than 
at the tojp, and are founded on the bottoms of the 
wooden case3 on which they were builtw All the 
piers consist of solid blocks of Portland stone, ma- 
ny of which are four or five tons weight, and none 
less than a ton, except the closers, or smaller stones 
intended for listening the rest, one of which is pla- 
ced between every four of thie larger blocks; It is 
computed that the value of forty thousand poimds, 
in stone and other materials belonging to the piers 
and abutments are always under water. This mag- 
nificent structure was erected at the expense of 
three hundred and eighty-nine thousand pounds 
sterling, defiayed by the parliament; The caisson 
fixr the first large pier of this Bridge was reckon- 
ed to eontain above one hundred and fifty load, 
or WL thousand cubic feet of timber, and exceeded 
in tomu^ a man-of-war of forty guns;* 

BliACK-^FRIARS BRIDGE^ 

OYER TbE RIYBtl THAMES, 
CONSTRUCTED OF PORTLAND STONE. 

Black-Friars Bridge, though less magnificent 

* Riou*s Architecture of Stone Bridges. 

13 
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than the former, has the advantage of vtkwk wider 
arcs and a lighter structure. The first istone of 
the north abutment ivas laid on the first day of No- 
vember, one thousand seven hundred and sixly, by 
Sir Thomas Chitty, then Uxd mayor, attended 
by several aldermen and commoners of the com- 
mittee, by his striking the stone mth a mallet, and 
the officers laying upon it, at the same time, the 
cily-svirord and mace ; several pieces of gold, silver, 
and copper coins of king George II, were sdso 
placed under the stone, with a Latin inscription.— 
The arcs of this Bridge, which are only nine in 
number, are eliptical, and the centre arc is a hun- 
dred feet wide ; those on the sides thereof decrease 
in width in a regular gradation, and the arc next 
the abutment at each end is seventy feet wide, it 
has an open balustrade at the top, and a commodi- 
ous foot- way on each side, with room for three car* 
riages abreast in the middle. The centre arc is 
exceeded by very few in the world, and is consider- 
ably larger than that of the Rialto at Venice* This 
Bridge measures one thousand one hundred feet in 
length, and forty -two feet in breadth, and was com- 
pleted in the year one thousand seven himdred 
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and seventy ; the expense of its erection is said to 
have amounted to one hundred and fifty-two 
thousand eight hundred and forty pounds, to be 
discharged by a toll upon the passengers. It is 
Situated neariy at an equal distance between the 
Bridges of Westminster and London, and com- 
mands a delightful prospect of the river Thames, 
fixrai the latter to Whitehall ; it also afibrds a sta- 
tion suitably distant, from whence the intelligent 
traveller may explore the majesty of that* incom- 
parably grand piece of Architecture, St. Paulas 
Cathedral. * 

It was formerly a reproach to England, among 
foreigners, that so capital a river as the Thames 
should have so few Bridges ; those of London and 
Kingston being the only two it had, from the Nore 
to the last mentioned place, for many ages. This 
inconveniency was in some measure owing to the 
deamess of materials for building stone Bridges 
in those days, and also pexiiaps more to the fondness 
which the English had for water carriage, and the 
presoration of navigation. Since that period, the 
great increase of riches, commerce, and inland trade 

• Quthrie's Gtoognsphf. 
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has caused many extensive and elegant Bridges to 
be erected in different parts of the kingdom ; and the 
world cannot parallel, for commo^ousness, ardutec- 
ture and workmanship, those erected at Westmin- 
ster and Black-Friars. Battersy, Putney, Kew, 
Richmond, Walton, and Hampton Court, have now 
Bridges over the Thames, and many others are pror 
jecting by the public-spirited proprietoTB of the 
grounds on each side the same river.t" 

BRIDGE AT HAMPTON COURT. 

This is a most beautiful and picturesque struc- 
ture : the part which spans the river is pQDStructed 
of timber, but the two abutments are built of stone ^ 
it furnishes a pleasing appearance in perspei:tive 
from the adjoining shores of the riven f The length 
is five hundred feet, and has seven arcs^ Thepers 
are cases of timber filled with stone. Baiges of 

• • - * 

one hundred tons burthen pass through tins Bridge, \Z\ 
by lowering down their masts 5 they are most com- . • 
monly dragged by horses, which, on account of the 
shallow depth of water at certain times of tlie tide, . 
are permitted to wade up the stream. 

" Outhrie's Geography. f Sec plite XIV. 
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Haying with hasty steps travelled over the Bridges 
of the great metropolis of England, and its environs, 
we shall now shape our course westerly to Bath and 
Bristol ; and m our way glean some rich treasures 
firom the luxiuiant banks of the Thames and Avon, 
which are no less celebrated for works of art than 
for natural beauties. These might afford ample 
materials for our pen ; but our limits forbid that 
we linger long on scenes over which Remem- 
brance never tires. We must therefore proceed, 
without wandering to pluck the rich flowers which, 
in the course of our journey, will so frequently 
present themselves ; and as we leave the gold-^ 
en visicm, look back with fond regret, and say, 
brewell 

Te distant spires, ye antique towers, 

That crown the watery glade, 

Where grateful Science still adores 

Her Royal Patron's shade ; 

And ye, that from the stately brow 

Of Windsor's height th* expanse below 

Of grove, of lawn, of mead survey. 

Whose tarf> whose shade, whose flowers among 

Wanders the hoary Thames along 

His silver winding way,* 

* Gray. 
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As we trace the circuitous banks t>f tlus river, 
we find, at about twtnty-four miles distant feon 
London, 

ETONBBIDGE^ 

a structure of litde beauty or consequence. But « 
few miles further up the river we meet with one of 
a different character, over which passes the tum^e 
road from London to Bristol : it is constructed all 
of stone, with five arcs, and is a truly valuable and 
liandsome erection. This is called 

MAIDENHEAD BBID6E.. 

As we pass on, fourteen miles further, we arrive at 

HENLEY BBIDGE^ 

which is erected of soundstone and torms a pleasang 
fagade. We now follow the winding stream for 
ten miles more and 

CAYEBSHAM BBIDGE 

appears. This structure is of wood. 

There are three other Bridges over the Thames 
before we arrive at the source of the river ; one at 
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Whitechapdy another near WalUngford, and an 
othor at Dorchester ; but neithor of them merit 
a particular description. 

We shall now take a leap from the head of the 
Thames to the banks of the Avon; and first 
ootice that the river Avon, though inferior to the 
Thames, is one of the most notable, useful, and cu- 
rious rivers in England* As the Thames hath on its 
banks the two finest cities of the East, London and 
Westmmster, so the Avon hath on hers the two best 
and largest cities of the West : Bristol, the capital 
Kay and Mart of the country ; and Bath, the most 
elegant city in the kingdom, without exception.-*- 
Tbis river rises in the nordiem limits of Wiltshire, 
and runs on the West of Bredon Forest (accord- 
ing to Camden) to Malmsbury, where it receives 
another stream, which rises at Tetbury, in Gloces- 
terdbire, and neariy encircles the town of Malmsbu- 
ry ; dience to Dantsey , six miles from which it re- 
ceives a stream that runs through Cain, and grows 
considerably on to Chippenham, where it hath a 
a Bridge of sixteen arcs over it : thence it flows to 
Melksham ; and having received a river that rises 
near the Devizes, and a brook called Baron's brodk ; 
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thus increased, goes through the middle cX Brad- 
ford, under a Bridge of ei^t arcs. The aullior <^ 
the tour through Britain observes in vol. ii,'p. 31 : 
** The river Avon, a noble and large fresh rive^, 
branches itself into many parts, and receiving al- 
most all the rivers on this side of the hill, waters 
the whole fruitful vale : and the water of this river 
is particularly qualified for dymg the best colours^ 
and for fulling and dressing the cloth ; so th^t the 
clothiers generally plant themselves on this river ; 
but especially the dyers, as at Trowbridge and Brad- 
fordj which are the two most eminent clothing 
towns in that part of the vale, for the maldng Span- 
ish cloths, and for the nicest mixtures." From 
Bradford it leaves Wilts and enters Somerset ; then 
receiving the Froom from Froom-Selwood, and an- 
other river, it comes towards Bath. Hcfc it runs 
through a fruitful vale, boimded on each side by 
lofty and magnificent hills ; whence the subjacent 
prospect of the country, the Serpentine river, the 
fair beautiful buildings of Bath, and its sublime and 
venerable Cathedral, are quite enchanting^ Here it 
runs under two elegant Bricks ; the first has three 
equal arcs, with shops and houses on it, handsomely 
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f., constructed; and the other has five arcs, with a 
|i)alustrade of stone on each side. 

On the western side of this Bridge is the Kay of 
Bath J whence the river is navigable to Bristol ; so 
tfiat Bath is a proper inland port. Barges that have 
one mast and sail, and carry from forty to one hun- 
dred and tiventy tons, bring heavy goods from Bris- 
Lttd; iron, copper, wine, deals, and many otiier arti- 
ples i and generally return laden with large blocks 
f freestone, the use of which is increasing here. 
LThe river, though quite fresh, is deep, of a good 
dth ; beautifully winds on to^vards Bristol, in an 
exquisitely delightful and happy vale, between ver- 
tnt hills, rural scenes and villages ; and swarms 
(vith fine fish ; trout, roach, dace, perch, eels, and 
hers, Abouf two miles and a half from Bath, it 
Tins under a noble Bridge of stone of several arcs, 
; principal of which is one hundred feet in dia- 
meter, and for height and expansion seems to rival 
lie Rialto at Venice. A little farther on is a lofty 
I eminence, beautifully impending over its northeni 
iLback ; on which are pleasantly situated the ele- 
int mansion and park of Sir C^sar Hawkins, 
. Bart. Seven miles from Bristol, between Saltford 
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and Bittoii, at Swineford, it b^omes' ttie bow^^ 
between Glocestershire and Sipmerset, s^ . m eo^r 
tinues tiU it falls into the Bristol chamijeL On the 
eastern ^de of the town of K^yttshom, it ree^v^ 
the river Chew, over which ki 9 W^^^ onth^ Q»tili 
road ; and below the Bridge are GonsutesaUe miHs 
and manufactories for copper, 

KEYNSHAMBRIDGE5 

has nine arcs over the Avon, aad. war it k a lQc|«t 
to facilitate the navigation tQ BnUi : attli^hig^^ 
tides the salt sea flows up to ti»s town. At Bidsr 
lington, the Avon receives another steeam ; and flow- 
ing on by two works for smelting ccqq^r at Crew'sr? 
hole, it enters the eastern suburbs of Bristol,. t«^ 
tween the glasshouses, iron-foundries, distiUeries^ 
bi^weries, and sugarhouses. ; goe* on to the city^ 
and runs under its last and moot eminent Bridge^c 
Here the Avon is clear and shallow at low water, 
deep and muddy at high water ; but cme of the 
deepest, safest, and most ccmvenient for navigation 
in England. It is two hundred feet wide at the 
Bridge ; at high tides it rises from twenty-five to 
tlurty feet perpendicularly, exceeding the Th^m^ 
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m di^fa, Middi seldom rises more than fifteen feet, 
often overflows the Kay^ lias an agreeabte effect 
ivhen fillip renders the port very pleasant, and wiU 
wift die largest merchant-ships^ and even ships of 
Hwur, up to die Brklge, m die heart of the city. This 
rhrcr has large banks of mud down to its moudi, 
in the soft beds of which the ships lie securely at 
low watei^ ; atid it yields some salmon, shad, plaice, 
flounders, dand-dabs, plenty of eels, and immense 
quantities of elvers. 

The two greatest churches bf Bristol were so situ- 
ated by our ancestors as to be eminendy conspicu- 
ous from its port, fielow Redcliff, at the Kay, is 
the mouth of the river Froom; below which, on 
each side of the water, are delectable views of Bris- 
tol, Clifton, and the Somerset hills, down to Rown- 
liam Ferry, a mile farth^, where the river at high 
water is three hundred feet broad, and the tide rises 
thirty-two feet. Here it begins to flow between 
two rising hills, Clifton and Rownham, the former 
adorned wth elegant piles of building, and the latter 
yiifith trees and verdure. Beyond the hot- well-house 
commence the lofty rocks of St. Vincent, between 
ilA&dti die river has a winding course of about two 
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arckftb}^ Dnrioe PoiPCT to kt die wato 
some bcii^ nesaiy perpcnficiifary cAeis 
some bore and craggv, and odKis untivi widi 
trees op to die summit, aflord scenes ^iUcli pe iluy s 
England cannot poraDe], and wUch ricMf mcik 
imitative powers of die painter, and die AS of die 
engraver. The shares are elevated and beautiful 
down to Hungroad, a safe harbour fir large sh^ps^ 
and where some are unloaded into Ugfateis. Bdow 
this is Pill, a sort of port-town fat die habitatioii of 
{nlots and others. Hfie die river b about five faun* 
dred feet wide, and the tide rises forty feet at least... 
From Pill, it flows through a levd countiy fix- 
about three miles, to its mouth in the Severn sea, 
eight miles below Bristd. Here is Kii^;raad, wbence 
the ships take their departure, which b reckoned a 
good open harbour, with safe anchorage. 

The river Froom rises at Doddington and Range- 
worthy, not far from Tetbury in docestershire ; 
and, running through Acton, Winterboume, Ham- 
brook, and Stapletown, through Babtist-mills, enters 
Bristol at Froom Bridge^ and goes all througli die 
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ci^. Befi)re the present Kay was formed and built, 
in one thousand two hundred and forty-seven, the 
Froom ran from 

FROOM BRIDGE, 

Ifarough the site of the present Baldwin-street, be- 
neath the walls, and emptied itself into the Avon un« 
d^ St. Nicholas's church. 

The Kay of Bristol is upwards of a mile in ex- 
tent, or circuit, reaching from 

* 

ST. GILES'S BRIDGE, 

down to the mouth of the Froom, and up the Avon 
to Bristol Bridge ; being one uninterrupted spa- 
cious wharf, of hewn stcme, having sufficient depth 
of water before it for ships of the greatest burden, 
and fully laden to come up close to the walls, and 
discharge their cargoes* It has different names, as the 
head of the Kay, Tontine- Kay, Broad-Kay,. Gibb, 
Mud-Dock, the Grove, and the Back. At ttus 
Kay lie safely, on a soft bed of mud, a considera- 
ble number of ships at all times of the year, which 
make a pleasing appearance ; and the large quanti- 
ties of diffisrent merchandize seen on the w})ar&, 
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prove the very great trade of d\e port of BrisT 
N. B. The word Quai, from the non-usage of I 
The word Kay is derived from Wdch-Gallic 
Irish, signifies to enclose, or fence ; 1 
Caer, a walled place, town, &c. 

On the western side of tlie Mud-Dock is the great 
Crane erected on fourteen pill^s cased with iroOj 
by the ingenious Mr. Padmore ; a curious pie( 
of mechanism, and worthy of observation. Cran< 
of the same internal construction are erected 
proper situations for loading and unloading, whit 
are all numbered, for the more readily finding 
subjacent vessels. 

Some merchants of Bristol have for many years 
had it in contemplation to keep the water up, and 
the vessels constantly afloat in both rivers, by dam- 
ming the Avon, at the Redcliff", above the hot-wells. 
Several plans for this purpose have been proposed, 
and one is now adopted. And if this scheme can 
be executed, without any inconvenient delay in 
passage of ships and boats, by lock or ice in 
ter, or danger of muddy sediments that might tend 
to fill up the channels, it will be a most important 
and desirable improvement. The plenitude of 
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. will afford safe riding for the sWps, render 
the maritime parts of the tDwn extremely pleasant, 
aod facilitate the pass^ige of boats and barges up 
river towards Keynshani and Bath, The 
ictioiis of stench and infection are utterly 
DUgatory. The rivers of Bath, Exeter, and many 
otlier places, are dammed up without offence or com- 
plaint, which cannot be occasioned here, as the riv- 
er Will be ever in motion. To all other advantages 
be added a communication between Clifton 
Ashton parishes, and the counties of Somerset 
jHid Glocester. 

On the banks of both rivers are several dock- 
yards, and diy and floating docks for buUdir^ and 
repairing the ships. There are two or three by the 
Froom, besides the various docks at Wapping by 
ihe Avon, where is also a ^ncious wet-dock with 
double gates, lately built to keep sliips constantly 
iftoaL Below these, beyond Limekiln-dock, to- 
wards the Hot-wells, is a large floating-dock, that 
win contain forty sail of stout ships deeply laden, 
tnd which in January, one thousand seven hundred 
md sixty-nine, received a sixty-four gun-ship with 
easetlirough its gates. Here arc also other docks : 
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a diy-dock, that will hold a 
and dock-yards, where have been fnnltKfaM^ 
of war for government. At all these pboes dip- 
building and repairing are carried on wifli great ipU; 
skill and industry. There was a qndoH Mi 
lower down the river at Sea-mills, biititlHaia% 
been disused, and is now in ruins. ' 

We have now to remark that tlxre- was i 
Bridge over the Avon in one thousand one hmApol 
and seventy-three, which was probably of wood; 
for in one thousand seven hundred and six^-se- 
ven, when the workmen perforated the oHfiERy^to 
try if they were fit to support the new Biidg^ 
they found in the middle of Redcliff-pier, a dD dt 
oak, about a foot square and forty feet long, itHA^ 
two uprights near each end, about nine inches sqiubi^ 
and nine feet high, morticed into the ciU, wtich 
they concluded to be the remains of the old Woodp 
en Bridge, walled up into the pier, to prevent iSt^ 
trouble of taking them out. The old Bridge of 
stone had four Gotluc arcs, lofty houses on each 
-side, and a gateway in the middle, with a chapel 
over it ; was built in one thousand two hundred and 
forty-seven, and was five hundred and fourteen 
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jFCirs old when it was taken down in one thousand 
4bven hundred and sixty-one. The jnesent 
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BRISTOL BRIDGE 

iVas opened in onethousand seven hundred and sixty- 
ei^t ; was built of hewn stcme brought from Cburt* 
fidd in Mcmmouthshire i consists of three arcs : the 
centre arc is eliptical, and of fifty-five feet span ; the 
aide arcs are semicircular, and of forty feet each. — 
The piers are forty-two feet long and ten thick. On 
each side is a balustrade of Portland-stone, six feet 
liigh, and a raised way for foot-passengers, defend- 
ed by small iron pillars and chains : at each end 
are two buildings of stone for Toll-houses, now 
C(»iverted into shops. The Bridge presents an agi^ee- 
able prospect of Bridge-street buildhigs, St. Ni- 
cholas's church, part of the river, and vessels lying 
jit the Kay, called the Back. This is the only Bridge 
over the Avon at Bristol. 

The lowest Bridge over the Froom has two arqs 
of stone, and (as it crosses the Kay) a Drawbridge 
to admit coasting vessels and Severn trows to pass 
through it* It is raised by a curious subterranean 

mechanical contrivance of iron wheels, with cogs ; 

14 



106 * HIST OR Y 

and requires only two people, one on each side, to ele- 
vate it. There is a little octagon house at each end 
of this Bridge, from which the masts of the ships 
appear as thick as trees in a forest. The next 
Bridge over this river, is St. Giles's, at the head of 
the Kay, which has two arcs of stone ; as also has 
Froom Bridge, just above, and to this day encum- 
bered with houses on each side. Then follow 

ST. JOHIJ'S BRIDGE, 
BRIDEWELL BRIDGE, 

NEEDLESS BRIDGE, 

PITHAY BRIDGE, 

XJNIOI^ BRIDGE, 

MERCHANTS BRIDGE. 

PHILADELPHIA BRIDGB. 

ELLBRIDGE, AND 

PEN N'S BRIDGE. 

All one-arched Bridges of stone, of various di- 
mensions. So that over this litde but useful river, 
which drives several mills, there are no less than 
twelve Bridges of stone and four of wood, in the 
city and suburbs. 
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Blenheim is a country palace of the Marlborough 
femily, near Woodstock, eight miles from the Uni- 
versity of Oxford, 

THE BRIDGE AT BLENHEIM 

IS built over a spacious canal in the park ; and con- 
sists of three arcs ; the chief of which spans one 
hundred and two feet six inches ; and is constructed 
of beautiful stone. It is impossible to give a com- 
petent idea of tl\e effect produced on the mind by 
the view of tliis Bridge as we enter Blenheim park 
from the town of Woodstock. After passing for 
several hundred yards through an inclosed walk, 
the traveller is struck with amazement, as the porter 
at the park gate admits him to a sudden prospect 
of the surrounding scenerj\ To the left rises, in 
majestic show, the magnificent domes of the palace. 
To the right stretches the extensive canal at the 
foot of verdant slopes, which nature must have 
formed in her choicest mood. 

The Bridge, with fairy sweep, directs the view 
to the Obelisk, erected to the memory of Church- 
ill, the celebrated warrior, and the first duke of 
Marlborough ; wliilst at inter\'als the eye is rega- 
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led with a richness of foliage and grandeur c^ pof^ 
sagCj which to describe chastely might expose us 
from some to the accusation of dealing in romance 
and deception. 

Blenheim ijras built for Churchill, and a de- 
main of sixty miles in circumference ceded to him 
by tlie Queen and parliament, as a smiA part of 
their acknowledgmept of his 3ervices as comman* 
der-in-chief of the allies, in the war of the Low 
Countries against Lewis XIV. The palace re- 
ceives the namjs of Blenheim, from the signal vic- 
tory he obttuned oyer the enemy, at a villa^ of that 
name. 

THE BRIDGE OF ST. MARY MAGDAI4EN, 

OVER THE ISIS AT OXFORD, 

is (me of the handsomest structures of the kii^ in 
England. It is built of Heddington stone, of un- 
common whiteness. The balustrades are of Ae 
same material as the Bridge, exquisitely wrought and 
corresponding with the elegance which distinguish- 
es Oxford from almost every other city. A beau- 
tiful model of this Bridge, in ivory, is deposited in 
the picture-gallery of the University. 



OF BRIDGES. 109 

THE BRIDGE AT ROCHESTER 

is tMiflt somewhat like unto London Bridge, 

and is fire hundred &aul fifty fi^t long, by thirty 
feet wide, has eleven arcs, with ten piers and the 
two idtmunents, all of stone. 

TTie late Bridge at Newcastle-upon-Tyne, was 
likewise a model of London Bridge, and was built 
of stone ; but in the year one thousand seven hun- 
dred and seventy-one, this Bridge was carried away 
by a gre^t flood, through ^ breaking up of the arcs 
Ibr want of sufficient space (ot the Water to pass.^ 

BRIDGE AT BURTON. 

OVER TH£ RIV£R TRENT. 

The Trent rises in the Moorlands of Stafford- 
shire, and running south-east by Newcastle-under- 
lane, divides that country into two parts ; then 
turning north-east on the confines of Derbyshire, 
yidts Nottingham, running the whole length oi that 
county to Lincokishire, and being joined by the 
Ouse and several other rivers towards the mouth, 
obtains the name of the Humber, Ming into the 
sea, south-east of HuU.^ 

♦ Outhrie*s Geo|fraphy. 
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The longest Bridge in En^and is that ovw 
the Trent, at Burton, built by Bekna&d Abbot, 
of Burton, in the twelfth century. It is all of squared 
freestone, and is very strong. The lei^th of the 
Bridge is fifteen hundred and forty-five feet, havii^ 
thirty-four 'arcs. The piers are lofty and well exe- 
cuted.* 

IRON BRIDGES. 

Iron being the most abundant, cheap, and gen- 
erally the most useful of all metals, has of late been 
employed in many works where great strength was 
required, in proportion to the weight of the material : 
hence cylinders, beams, and pumps for steam-en- 
gines, boats, and barges for canals and navigable 
rivers, pillars for warehouses and other large build- 
ings, and at length Bridges, have been constructed 
of Iron. 

Iron Bridges are the exclusive invention of Brit- 
ish artists. The first that has been erected on a large 
scale is that over the river Severn, at Coalbrook 
dale, in Shropshire. 

* Dr. Rees's New Cyclopaedia. 
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COALBROOK DALE BRIDGE. 

This Bridge i» composed of five ribs, and each 
rib of three concentric arcs, connected together by 
radiating pieces. The interior arc forms a complete 
semicircle, but the others extend only to the cills 
«nder the road- way. These arcs pass through an 
upright frame of iron at each end, which serves as 
a guide ; and the small space in the haunches, be^ 
tween the frame and the outer arc, is filled in with 
a ring of about; seven feet diameter. Upon the 
top of the ribs are laid cast-iron plates, which 
sustain the road- way. The arc of this Bridge is 
one hundred feet six inches in span ; the archivolt, 
rings or interior circles, are cast in two pieces, each 
piece being seventy-two feet in length. It was 
constructed in the year one thousand seven hundred 
and seventy-nine, by Mr. Abraham Darby, iron- 
master at Coalbrook dale, and must be considered 
as a very bold eflfort in the first instance of adopting 
a new material. The total weight of the metal is 
three hundred and seventy eight tons and a half.* 

* Dr. "Recs's Xew Cyclopsediit. 



112 HISTORY 



WEARMOUTH BRIDGE, 

CONSTBUCTED OF CAST IRON. 

The second iron Bridge of importance, erected in 
Great Britaui, was that over the river Wear, at 
Bishop Wearmouthy near Sunderland, the chief pro- 
jector of which was Rowland Burdon, Esq. M. P. 
As this is the most considerable structure of the 
kind, it may be proper to give a brief sketch of its 
history. In consequence of the increasing trade and 
population of Sunderland and the two WearmOutfaSt 
the ancient ferry, which was almost in the middle oi 
the harbour, had become very insufficient and un« 
safe, so that, besides frequent delays and disap- 
pointments, several instances had occurred of the 
loss of lives. 

About the year one thousand seven himdred and 
ninety, in which Mr. Burdon was returned to par- 
liament by the county of Durham, some gentlemen 
interested in the wel&re of the town and neighbour- 
hood of Sunderland, uiuted for the purpose of re- 
moving the evils arbing from the ferry, and Mr. 
Burdon was appointed one of the committee. Con- 
ceiving at first that a stone Bridge would be proper. 
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tiiey begask to adoipt meimires for its erectioiu An 
Architect ivas dmaen to carry on the necessaiy 
irorks^ \i4io in due time produced plans^ estimates^ 
and a model of the intended edifice. But as the 
work tivas of considerable magnitude and import 
taQCe, it was thought expedient to refer the design 
to the opinion of some gentlemen of celebrity for 
scientific and practical knowledge in and near the 
metropolis i' their report being unfitvoraUe, the 
scheme of erecting a stone Bridge was abandoned^ 
The committee^ however, being now warmly enga- 
ged in the business, cotitinued to prosecute their en- 
quiries; and Mr. Burdon in particular being fre- 
quently called by his parliamentary duty to Lon- 
don, was very diligent in his endeavours to obtain 
infiDrmation and hints, from various quarters, as to 
tiie peculiar advantages and disadvantages of di£fer« 
«nt matmals, as well as of various modes of con« 
struction. Mr. Bvrdon had the good fortune to 
be assisted in the maturing of his plans by Mr. 
Thohas Wilson, a tnity ingenious man, and at 
the same time to learn much of the construction of 
iron Bridges fiT>m Mmsrs. Wakksrs, of Rother- 

kuD| aothat at len^ he became persuaded that 
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iron would be the most proper material of which t© 
form the proposed Bridge. He thought it best, 
however, to adhere to the ancient construction, by 
dividing the arc into portions, in the manner of 
arc stones, and taking advantage of the ductility 
and tenacity of iron to produce an arc of that metal 
at least fifteen times lighter than a corresponding 
arc of stone, and capable of being put together up- 
on an ordinary scaffolding, instead of ian accurate 
cintre, in a much shorter sj^ce of time. 

Mr. Wilson, in conjunction with Messurs. 
Walkers, constructed and set up an experimen- 
tal rib at Rotherham, which being found to answer 
expectation, the success of the experiment was 
communicated by Mr. Burdon to the town of Sun- 
derland and the county ; and his proposition for the 
erection of an iron Bridge was acceded to. The 
first stone was laid in September, seventeen hun- 
dred and ninety-three; and Mr. Wilson was ap- 
pointed to the stiperintendance of the work* Thfe 
iron- work was cast by Messrs. Walkers, of Roth- 
erham, and the arc was turned upon a very light 
but firm scaffolding, so judiciously constructed that 
fiotany interruption was given to the passage of 
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the numerous vessels which navigate the busy riv-, 
er of Sunderland. The mode of bracing the 
ribs was so simple and expeditious, that the whole 
was put together and thrown over the river in ten 
days; the scaffolding ^vas immediately removed, 
and the Bridge opened for general use, on the lunth 
day of August, seventeen hundred and ninety six. 
During the period occupied in erecting the 
Bridge, Mr. Bur don took out a patent to secure 
the invention of " a certain mode or manner of ma- 
king, uniting and applying cast-iron blocks to be sub- 
stituted in lieu of keystones,- in the construction of 
arcs." He thus proceeds to describe his invention, 
which " consists in applying iron or other metalic 
compositions to the purpose of constructing arcs up- 
on the same principle as stone is now employed, by 
a subdivision into blocks easily portable, answering 
to the keystones of a common arc, which being 
brought to bear on each other, gives them all the 
firmness of the solid stone arc, whilst, by the great 
vacuities in the blocks, and their respective distan- 
ces in their lateral position, the arc becomes much 
lighter than that.of stone, and by the tenacity of the 
metal the part^ are so intimately connected that the 
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accurate oalculaticm of the ffcxtmdosandintraiM, stt^- 
necessary in stotte arcs of magnitude, is rendered of 
much less ccmseqnence. 

The Bridge ccmsists of a i^ni^e (&^^ >who!se tgpsok is 
two hundred and thfaly-six feet; «nd as the spri«g-» 
itig-is(tones tit each side ptx^ect two feeft, the whole 
opening is two hundred ai^ forty -rfeet Tht «arc 1* 
a isegment of a circle rf about fou** huncfred ttiWi for- 
ty-four feet diaimeter ; its versed sine is durty^fo* 
feet^ and the whole height from tow w^iar ahotit KSnt 
hundred feet, admittijtig vessels 6f from two to iSaitet 
hundsred tons burthen to pass under, without stii«. 

« 

kfefg ifeeir masts. A series of one himdred and §^ 

blocks fbttn a rib ; and six of these ribs tjompoie 

the breadth of the Bridge. The spancfrels, or t*fe 

spaces between the arc and the ioad-way, are ^ed 

'^ up by cast-iron circles^ which touch the outer c&f- 

f cumference of the arc, and at the ^toe time suj^ott 

K the road-way, thus gradually diminishing from !*ie 

abutments towards the centre of the Bridge. Tk^ft 
are sdso diagonal iron-bars, which are laki on the 
tops of the ribs, and extended to the abutments, to 
keep the ribs from twisting. The superstructure is 
a strong frame of timber planked over to suppcM 
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t:-road, which is composed of maii, time* 
stone and gravel, with a cement of tar and dialk im- 
mediately upon the planks, to p«-eserve diem. The 
whole width of the Bridge is thirty -two feet. The 
abutments are masses of ahnost solid masonry, 
twenty-four feet in thickness, forty -two in breadth 
at bottom, and thirty-seven at top. The south pier 
is founded on the sohd rock, and rises from about 
tWoity-two feet above the bed of the river. On tiic 
north side, the ground was not so favoiirable; 
so that it was necessary to carry the foundation ten 
V the bed. The weight of the iron in this 
)rdinary fobric amounts to two hundred and 
f tons ; forty-six of these are malleaWe, and two 
Bidred and fourteen cast. The entire expense for 
t was twenty seven thousand pounds. 
From this account of tlie Bridge, across the Wear, 
: attentive reader will see much to admire in its 
istruction. It is not, howc\'er, totally free from 
iects. We conceive that the spandrels are very 
■operly filled up. It is true that it is done in 
jBcha manner as is exceedingly light and pleasing 
h the eye ; but the iron hoops may, we think, be ea- 
F tnly compressed at the points of contact, and chang- 
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ing their shape will oppose very little resistance. 
As the arc ibrms so small a portion of a circle (about 
isixty-fbur degrees and three quarters), the weight at 
the spring of the arc need not, according to the 
theory of equilibration, be double to that at the 
crown^ to support, without danger of rising, any 
pressure derived from the mass of the structure it- 
self : but, in so flat and light an arc, an overload on 
any part must have a great tendency to bend it, and 
consequently tend considerably to break it, at a dis- 
tant part, with all the energy of a long lever. We 
thinlc, therefore, that a better form might have been 
adopted than what has been put in practice at Wear- 
mouth Bridge. 

BRIDGES AT BRISTOL, 

OF CAST-IRON. 

There are also two elegant cast-iron Bridges late- 
ly erected over the New Cut, for the improvement of 
the harbour of Bristol by float. The span of the 
arch of each Bridge is one himdred feet, by thirty 
feet high. These were buik under the direction of 
Wm. Jessup, Esq. engineer, and are. admirable 
for their simplicity of construction and strmgUi. 
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A BRIDGE OVER THE SEVERN, 

COmTRUCTED OF CAST-IRON* 

. Another iron Bridge is that over the Severn ^ ^ ^ 

Buildwas, about two miles above Coalbrook Dale. 
An old stone Bridge, of three narrow arcs, having 
been carried away by a high flood in one thousand 
seven hundred and ninety-five, the present ircm 
&idge was planned and built by the Coalbrook 
Dale company, under the superintendance ' of Mr^ 
Thomas Telford, the county surveyor, in one 
liiousand seven hundred and ninety-six. It con- 
sists of a single arc, one lymdred and thirty feet 
in span ; the rise, from the springing to the sot 
fit being twenty -seven feet ; and as it was thought 
necessary to keep the road- way as low as possible, 
the outside ribs are made to go up as high as the 
railing ; they are connected with' the ribs that bear 
the covering plates, by means of pieces of ircm 
dovetailed in the form of king-posts. The 
plates which compose the covering over the lower 
ribs are cast with deep flaunches ; they are l^d close 
to each other, and form an arc of diemselves. These 
side ribs, or arcs^ would have added much more to> 
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the strength of the Bridge than they now do, had 
the materials been <tf a substance that' would not ex* 
pand or contract ! but that not being#ie case, thejr, 
in warm weather, when they e:Kpand, Father tend to 
derange the c^r psirts of the Bridge thm alrength*. 
en them; and the appearance of the whole is fay ns 
means pleasbg. 

bridge;s of casT-ibqn, 

OVJ^E XH8 EIVJ^&S PARROTi ANP> THAMES- 

The splendid es^ample of the Bridge at Wear- 
mouth gave an impulse to public taste, and caused 
an emulation among artists, which has produced 
maxiy examples and more projects of iron Bridges* 

The Coalbrook Dale Company have constructed 
several, among which is a very neat one, over the 
river Parrot, at Bridgewater. Mr. Wilsok, the 
engineer, employed by Mr. Burdon, has al^o built 
several, and has lately finished a very elegant one 
over the river Thames at Staines, which is by far 
the most complete in design, as well as the best exe« 
euted of any that has hitherto been erected* This 
Bridge consists of a single arc, one hundred and 
tiS^*Qne feet in span, and sixteen feet six inches in 
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^. ,jrise ; being a segment of a circle qF four hundred 
- ' "Smd eighty feet. The blocks, of which the ribs are 
composed, are similar to those in the Wearmouth 
Bridge, except that these have only two concentric 
arcs instead of three, as at the latter. The arcs are cast 
hollow, and the blocks connected by means of dow- 
els and keys ; thus obviating the great defect obser- 
ved at Wearmouth, of having so much hammered 
iron exposed to the action of the air. Four ribs 
form the width of the arc, which are connected to- 
gedier by cross frames. The spandrels are filled 
in with circles, which support a covering of iron 
{dates an inch thick : on this is laid tlie road-\vay, 
twenty-seven feet wde. Two hundred and seventy 
tons are the weight of the iron employed in the 
Bridge, and three hundred and thirty of the road- 
way. 

A BRIDGE OVER THE TAFF, 

CONSTRUCTED OF STONE. 

But the most extraordinary Bridge in Great 
Britain is, doubtless, the one over the river T^ff, 
near Llantrissent, in Glamorganshire, called in 
Welch Pont y ty Prt/dd. This is the work of 

16 
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William Edwards, an uneducated mason of 
the countr}% who was only indebted for his skill to 
his own industT}'- and the power of his genius. — 
He had engaged, in one thousand seven hundred 
and forty-six, to build a new Bridge at this place, 
which he executed in a style superior to any thing 
of the kind in this or any other part of Wales, for 
neatness of workmanship and elegance of design. — 
" It consisted of three arcs, elegantly light in their 
construction. The hewn stones were excellently 
well dressed and closely jointed. It was admired 
by all who saw it. But this river runs through a 
very deep vale that is more than usually woody, and 
crowded about with mountsuns. It is also to be 
considered that many other rivers, of no mean ca- 
pacity, as the Crue, the Bargoed Taff, and the Cun- 
no, besides almost numberless brooks, that run 
through long, deep, and well- wooded vales, or glens, 
fall into the TaflP in its progress. The descents in- 
to these vales from the mountains being in general 
very steep, the water, in long and heavy rains, col- 
lects into these rivers with great rapidity and force, 
' raising floods that, in their description, would appear 
absolutely incredible to the inhabitants of open and 
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flat countries, where the rivers are neither so precip- 
itate in their courses, nor have such hills on each 
side to swell them with their torrents. Such a 
flood unfortunately occurred after the completion of 
this undertaking, which tore up the largest trees by 
the roots, and carried them down the river to the 
Bridge, where the arcs were not sufficiently wide to 
admit of their passage. Here, therefore, they were 
detained. Brushwood, weeds, hay, straw, and 
whatever lay in the way of the flood, came down, 
and collected about the branches of the trees, that 
stuck fast in the arcs, and choaked the free current 
of the water. In consequence of this obstruction 
to the flood, a thick and strong dam, as it were, was 
thus formed. The aggregate of so many collected 
streams being unable to get any furdier, rose here 
to a prodigious height, and with the force of its 
pressure carried the Bridge entirely away before it. 
William Edwards had given security for the 
stability of the Bridge during the space of seven 
years ; and of course he ^vas obliged to erect anoth- 
er; and he proceeded on his duty with all possible 
speed. The Bridge had only stood about two years 
and a half. The second Bridge was of one arc, for 
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the purpose of admitting freely under it, whatever in- 
cumbrances the floods might bring down. The span 
or chord of this arc was one hundred and forty feet, 
its altitude thirty-five feet, by a segment of a circle 
whose diameter was one hundred and seventy feet. 
The arc was finished, but the parapets not yet ere- 
ted, when such was the pressure of the unavoidable 
ponderous work over the haunches, that it sprung 
in the middle, and the keystones were forced out. 
This was a severe blow to a man who had hitherto 
met with nothing but misfortune in an enterprize 
which was to establish or ruin him in his profession. 
William Edwards, however, possessed a cour- 
age which did not easily forsake him ; he engaged 
in it a third time, and by means of cylindrical holes 
through the haunches, so reduced their weight, that 
there was no longer any danger from it. The se- 
cond Bridge fell in one thousand seven hundred 
and fifty-one ; the third, which has stood ever aaice, 
^vas completed in one thousand seVen hundred and 
fifty-five." (Mr. Malkin's tour in South Wales). 
The present arc is one hundred and forty feet in 
span, and thirty-five feet high, being a segment of 
a circle of one hundred and seventy-five feet diame- 
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ter. In each haunch there are three cylindrical 
openings running through from side to side ; the 
diameter of the lowest is nine feet, of the next six 
feet, and of the uppermost three feet. The wdth 
of the Bridge is about eleven feet. To strengthen 
it horizontally, it is made widest at the abutments, 
from which it contracts towards the centre by sev- 
en offsets, so tliat the road- way is one foot nine in- 
ches wider at the extremities, than at the middle.* 

A BRIDGE OVER THE PEATHS, 

CONSTRUCTED OF STONE. 

The Bridge over the Pease, or rather Peaths, on 
the road from Dunbar to Berwick upon Tweed, is 
rather an uncommon stnicture. This Bridge cros- 
ses a deep ravine called the Peaths. It consists of 
four semicircular arcs. That at the east side of the 
ravine is fifty four feet span ; the second fifty-five 
feet ; the third fifty-two feet, and the further or 
western arc forty-eight feet. The height of the 
Bridge, from the bottom of the ravine to the sur- 
face of the road, is one hundred and twenty-four 
feet. The situation is beautiful, and has a most ro- 
mantic appearance. It was designed and built by 

* Dr. Rees'a New Cyclopaedia. 
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the late Mr. David Henderson, architect in 
Edinburgh, and does him considerable credit* 

A BRIDGE OVER THE LUNE, 

CONSTRUCTED OF STONE. 

The aqueduct Bridge, constructed by Mr. Ren - 
NiE on the river Lune at Lancaster, is one of the 
most magnificent works of the kind which has been 
erected for the purposes of navigation. At the place 
where it is built the water is deep and the bottom 
bad. It consists of five arcs of seventy feet span 
each, and about thirty-nine feet above the sur&ce of 
the water. It has a handsome cornice, and every 
part of it highly finished. The foundations are laid 
at the depth of twenty feet under the surface of the 
water, and stand on a flooring of timber, support- 
ed by piles. The foundation alone cost fifteen thou- 
sand pounds. The superstructure cost above twice 
that sum, although the stone was found within about 
a mile and a half of the place where the aqueduct 
was buUt. Barges of sixty tons burthen navigate 
the canal. The total height from the surface of the 
river to the surface of the canal is fifty-one feet.* 

* Dr. Rees's New Cyclopaedia, 
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AMERICAN BRIDGES; 

It is a notorious fact that there is no country of 
the world which is more in need of good and per- 
manent Bridges than the United States of America. 
Extended along an immense line of coast on which 
abound rivers, creeks and swamps, it is impos- 
sible that any physical union of the country can 
really take place until the labours of the architect 
and mechanic shall have more perfectly done away 
the inconvenience arising from the intervention of 
the waters. Nature, ever provident for man, has, 
however, afforded us ample means of remedy. — 
Our forests teem with the choicest timber ; and 
our floods can bear it on their capacious bosoms to 
the requisite points. Public spirit is alone want- 
ing to make us the greatest nation on earth ; and 
there is nothing more essential to the establishment 
of that greatness than the building of Bridges, the 
digging of canals, and the making of sound turnpike- 
roads. Necessity has already produced some hand- 
some and extensive specimens of Bridge-building 
in the United States, ^reeable to ancient models ; 
and we shall proceed to mention a few of them. 
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which is generally about thirty feet from the sur- 
face of the water. They are twenty-five feet apart. 
The whole length of the wood- work is one mile ; 
and it cost twenty thousand dollars.* 

BRIDGE AT SCHENECTADY. 

A large and elegant Bridge was lately erected 
over the Mohawk, at Schenectady ; and another, 
said to be of a new construction, over tlie Delaware 
at Trenton, n. j. In the Utter, the road- way is sus- 
pended from the arcs, which serve to support a 
roof. Mease, in his geological account of the 
U. S. gives the following description, of it.* 

BRIDGE AT TRENTON. 

" On the twenty-first day of May, one thousand 
eight hundred and four, the first comer stone was 
laid. The front of the abutment, on the Pennsyl- 
vania side, being sixty-five feet in advance from the 
bonk, it was thought prudent to make it thicker 
than the one on the opposite shore. Accordingly, 
dus abutment is fifty feet in front and eighteen feet 
thick, with the back pait supported by an horizon- 

* Dr. Rces's New Cylopscdia. 
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tal arc from its foundation. On. the third day of 
July, the stone-work was commenced, and continu- 
ed without much further interruption, except from 
the water flowing in, imtil it arrived at the level of 
the ground. 

The fronts of the abutments, from the surface of 
the ground, and the ends, and about forty feet of 
the wing walls above the banks, are carried up with 
cut stone in courses of range-Work, varying in depth 
as they proceed upwards, from twenty to six inch-r 
es, and battering half an inch in the foot : and al- 
though no ornament was sought for, this masonry 
exhibits a solidity of work» and neatness of execu- 
tion, that reflect great credit on the workmen who 
constructed it. The cut stone in the abutments 
are all clamped together with iron clamps, as high 51s 
is presumed the ice or other floating substances will 
ever assail them ; and in every tier of stone are a 
number of branch clamps extending diagonally and 
crosswise the abutment, connecting the whole toge- 
ther. The interior is made up of large rough stone, 
many of half a ton weight and upwards, compactiy 
filled in with smaller stone, and the whole laid in 
good lime and sand mortar, and forming one entire 
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scdid mass of masonry. These abutments are nine- 
teen feet above the ordinary flow of the tide ; six 
fiset above the highest freshes from ordinary causes, 
and at least four feet higher than the water has ever 
been known to rise, from obstructions by ice on 
the bars below. Besides this, the travelling- way is 
ndsed nearly three feet higher ; so that no injury 
can possibly be sustained in the wooden superstruc- 
ture, by any substances floating on or carried down 
the river in the highest freshes. 
The wing walls on the east side, atthedistance of six- 
ty feet fromthe front of thfi abutments spread or splay, 
seventy-eight feet ; and for the first twenty feet they 
run into the bank and are laid as deep as the foundation 
of the abutment, and seven feet wide in the bottom. 
From the end of the angle, they are continued in a 
parallel line with each other, one himdred and three 
feet fiirther, on a gradual taper to four feet, where 
they terminate. The exterior of this masonry is 
battered half an inch to the foot, while the interior 
is rather more perpendicular j so that the filling has 
litde or no pressure on the side walls, but will settle 
in perpendicular lines. The wing walls on the 
west, or PensyhWia side, are eighty-five feet 
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ift length from the front of the abutment, extend 
about eighteen feet in the bank, and spread or ^lay 
sixty-six feet ;^being the width of the street leading 
to the Bridige. 

In laying the exterior courses of the foundations 
of the piers, great care was taken to select flat and 
long stones, running many feet into the piers. On 
these, and throughout the whole interior, are laid 
large rough stone of vast weight, and the whole 
closely filled in with building stone. The depth of 
these foundations vary several feet in dififerent parts 
of the piers, owing to the irregular s\u*face of the 
* rock (in some places forming a pretty regular ba- 
son), and this is an additional security against 
their being removed by ice, rafts, or other floating 
substances coming against them. 

An offset of six inches is made on these founda- 
tions, when the cut stone commences; the pier 
here receiving its proper shape and dimensions, 
which, in this place, is sixty-eight feet in length, 
and twenty-two in breadth, with the end up stream,* 
of a semicircular form. The levelling. up of the 
foundation, and all the cut stone, are laid in terras 
mortar. On the pier next to the Pennsylvania shore, 
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tfiree courses of cut stone are laid, of twenty aiul 
twenty-two inches in depth ; in which situaticm, ice 
and every other floating substance will run over 
them during the winter and spring seasons. 

The span between the Pennsylvania abutment 
and die first pier, as also between each of the other 
ifiersj is one hundred and ninety-four feet; and 
from the New- Jersey abutment to the first pier, the 
span is one hundred and fifty-six feet, leaving a 
water-way of nine hundred and thirty-two feet, out 
of eleven hundred, the distance across the river 
firom the top of one bank to the other. 

The piers are all carried up with cut stone, in 
courses of range-work, varying in depth, as they 
proceed upwards, from twenty-five to eight inches, 
until they rise to the top course, which is twelve 
inches, with the sides and lower end battering half 
an inch in the foot : these stones extend into the 
body of the work, from eight inches to five feet. — 
The exterior or cut stone, as high as the water has 
ever been known to rise, is laid in terras mortar ; 
and throughout the whole extent, lengthwise, eve- 
ry second or third course, clamped together ¥rith 
iron clamps. Crosswise, also, of the piers, every 
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four inches thick, and twelve inches wide (except 
ihe middle section, which is thirteen), and repeated 
one over the other, breaking joints, until they form 
a ckpth of three feet through. This mode of con- 
structing wooden arcs is considered as a great im- 
, provement in Bridge architecture, and we are told 
^^as first introduced in practice by Mr. Burr, 
the architect of this Bridge. Be this as it may, it 
is supposed to possess many advantages over those 
formed of solid and massy pieces of timber. The 
relative situation of these sections is such as to leave 
two openings of eleven feet each in the centre for 
carriages, and two of four feet six inches each on 
the sides, for foot- walks. The general width of 
the Bridge is therefore thirty- six feet from out to out, 
and the travelling ways will be on the chord-line 
between these sections. Outside of the two exterior 
sections, wing arches of fifty feet in length, and 
of the same convexity and depth, are placed, which 
inclining toward the centre, are united to these sec- 
tions, and securely bolted through them. This 
gives the Bridge an additional base of fifteen 
feet, and a bearing of fifty-two feet on each 
pier. On the top or circumference of these sec- 
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tions and wing-arcs, beams or ties and diago* 

nol braces are laid and let into each other, in the 

form of lattice. worki and the whole firmly connect-^ 

ed with the arcs by iron bolts with screws going 
through them at the distance of every eight feet.—* 

Thus they iare made to form one entire connected 
arc, which can neither admit of any sideway or in- 
testine motion between the sections, nor be readily 
injured or endangered by high winds. 

The platform on wWch the travelling is performed 
is suspended from these arcs, by means of iron 
bhains or links, which hook into the eye-bolts, 
firmly fixed throrugh the arcs, at the distance also of 
every eight feet, in the three middle sections, and 
sixteen feet in the two exterior ones. To the lower 
ends of these chains is appended a stirrup, in whicfai 
the beams lay, which sustain the joists and flooring. 
To prevent the platform from having any swinging 
motion, wing-chords and diagonal braces are again 
interposed, which effectually perform this service. 

The expansion of the arcs (were not the solidity 
tnd weight of the pi^rs and abutments of themselves 
sufficient) is completely^guaxj^ed agaiiost by the in- 
tervention of wooden chords, which embrace and 

1« 
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connect the several feet of those arcs together. These 
serve also a further important purpose, to wit, of stif- 
fening and strengthening the arcs by means of up- 
ri^t bracing, \d)ich takeis place between them and 
the chords; so that by the application of great 
weights to either end of the arc, no vibratory motion 
can ensue, as the pressure is by this means distribut- 
ed throughout the whole extent rfthe segment. 

The three great objects, convenience of travellings 
strength^ and durability y are all happily united in the 
model adopted — ^nor has ornament beea wholly 
thrown aside. The access to the Bridge, on either 
side, and throughout ^e wbolp extent of the plat- 

fonn, presents to the traveller a plane, without any 
sensible rising. 

With regard to strength we can only speak by 
a comparison with other structures upon a simi- 
lar principle^ The two Bridges across the Hudson 
river, at Waterford 9nd Fort Miller, constructed 
under the superintendence of Mr. Bi/RR, and the oiae 
across the Connecticut river at Springfield, by Mr. 
Walcott, are all spoken of in terms of high ap- 
j»*obation. Our Bfidge, w^ are assured by Mr. 
BuRB, combines double the strength of either of 
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them ; but what constitutes the greatest excellence 
of the Delaware Bridge is the pro^ct of its dura- 
bility. The permanency of the stonework is not 
to be questioned ; and by Ae proposed covering, 
the stamina or main parts of the Wooden super-* 
structure will be effectually protected from decay 
by the wet, while those parts exposed to injury from 
the weather are all susceptible of the most complete 

repair/'* 

« 

SCHUYLKILL BRIDGE, 

The permanent Bridge lately erected over the 
Schuylkill at Philadelphia h also a strong and ele- 
gant piece of architecture. It is composed of three 
arcs of wood, supported by two stone piers, with 
two abutments and wing- walls. The western pier 
is sunk in an astCHiishing depth ci water, perhaps 
greater than ever any Bridge pier was before sunk, 
in any part of the world; the surface of the rock 
on which it is placed being forty-one feet nine inches 
below common high tides. The piers were built 
with coffer dams. The dam for the western pier was 
curiously construct^, from a design furnished by 

• American Additions to Dr. Rees's New Cyclopadia, 
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Mr. William ^West^, a celebrated hydraulic 
engineer of Gainsborotigh in Englarid. We may- 
have some conception of its magnitude when we 

are told that eight hundred thousand feet of timber 
were employed in it. 

The masonry of this Bridge was executed by Mr. 
ThomAs Vicker, on an uncommon, if not a nov- 
el plan. The walls V)f the abutments and wingSf 
are perpendicular, without buttresses, and support- 
ed by interior offsets. These are found completely 
competent to support the pressi^ of the filling,, with- 

out battering or contreforts. The abutments are 
eighteen feet thick. The wing- walls nine feet at 
the foundation, retiring "by offsets, till at the parar 
pets they are only eighteen inches. The eastern- 
abutment and wing-walls are founded on a rock. — 
Those on the western side are built on piles. There 
are upwards of seven thousand five hundred tons of 
masonry in the western pier. Many of the stones 
composing both piers weigh from three to twelve 
tons. A number of massive chains are stretched in 
various positions across the piers. These are 
worked in with the masonry ; the exterior of which 
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is clamped, and finished in the most substantial and 
workmanlike style. 

The frame of the superstructure was designed and 
erected by Timothy Palmer of Newburyport, 
Massachusetts. It is a masterly piece of workmaii- 
ship, combining in its principles that of king-posts 
and braces with that of a stone arc. Half of each 
post, with the brace between them, will form the 

voussoir of an arc ; and lines through the middle 
of each post would describe the radii or joints. 

The platform for t);avelling rises only eight feet 
from^a horizontal line; and the top or cap pieces 
are parallel to this. Of the sections, the middle 
one has the most pressure, owing to the weight of 
transportation being thrown nearer to that section 
than towards th^ sides, to which the foot- ways pre- 
vent its approach. These foot- ways are five feet 
wide, elevated above the carriage-ways, and neatly 

protected by posts and chains. T. Palmer is the 
original inventor of this kind of wooden Bridge 
architecture. He permitted, with much candour, 
considerable alterations in the plan on which he had' 
erected several Bridges in New-England. These 
were accommodatory to the intended cover, and were 
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so much approved by him, that he considered the 
Schuylkill Bridge superstructure the most perfect 
of any he has built. 

The workmanship of the covering was performed 
by O BiDDLB, of Philadelphia, agreeably to a de- 
sign furnished him. The underwork is done in 
imitation of masonry, by sprinkling it with stcme 
dust after bemg fresh painted. 

Commodious wharfs, on each side of the ;:iver, 
have been made, not only to protect the foundations 
of the abutments and wings, but with a view to profit. 
They co-operate with other improvements to give 
a new and interesting front to the city. 

This Bridge was six years in building, and cost 
about two hundred and seventy-five thousand dol- 
lars, including the cash moiety of the purchase of 
the site, for which forty thousand dollars were paid 

to the city corporation, half in cash, and half in 
Bridge shares. 

The following are the proportions of the Bridge. 
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' Length - - • - 


550 00 


Abutments and \nang-walls 


750 00 


Total kngth 


1300 00 
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Span of the small arcs each - - 150 00 
Ditto the middle arc - - . 194 10 

Width of the arc . , - 42 00 

Curvature of the middle arc ... 12 00 

Ditto ofthe small arcs - - . 10 00 

Curvature or rise of the carrii^-way 8 ^ 00 

Height in the clear over the carriage-way 13 00 
Hei^t from the surface ofthe river to ditto 31 00 
Thickness of the pier - - . 20 00 

Lfngth of ditto - - . 62 00 

E^pth of water to the rock at the western pier 41 00 
Ditto at the eastern pier - - 21 00 

Amount of toll wiien the work began, for the year 
•ne thousand seven hundred and ninety-nine, aris- 
ing from the floating Bridge - - i 5000 

Amount of toll on an average (1805), the rates of 
toll in several instances being lower than over the 
old floating Bridge. - - » 13,600.* 

Jedediah Morse, in his Universal Geography 
oi one thousand eight hundred and five, has given 
Ae following account of simdry Bridges erected in 
different parts ofthe United States. 

* Amr rican Additions to Dr. Rees's New Cyclopaedia. 
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A BRIDGE 

IN THE DISTRICT OF MAIN£/ 

Over York River, about a mile firom the sea, was* 
built, in the year one thousand seven hundred and 
sixty one, a Bridge two hundred and seventy feetlong 
by twenty-five feet wide, exclusive of the wharfs at 
each end, which reach to the channel. The Bridge 
stands on thirteen piers, and was planned by Major 
Samuel Sewall. In the year one thousand seven 
hundred and ninety three, this Bridge was rebuilt on 
the original plan. The model of Charies-river Bridge 
was taken from this, and was built imder the supers 
intendance of the same gentleman. It has also served 
as the model of Maiden and Beverly Bridges, and 
has been imitated even in Ireland, by those ingenious 
American Artists, Messieurs Cox andTHOKFSoK. 

BRIDGES 

IN NEW-HAMPSHIRE. 

In Hanover, opposite Dartmouth College, is erec- 
ted a Bridge with a single arc, two hundred and thir- 
ty feet chord. The abutments are built with stone, 
and the whole length of Bridge is four hundred 
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and fifty-three feet, the width is thirty-six feet. In 
the winter of one thousand eight hundred and five, 
diis Bridge fell, and has not since been rebuilt. 

BRIDGE AT WALPOLE. 

Over Bellows Falls at Walpole was erected, in thfc 
year seventeen hundred and eighty four, by Col. 
Hale, a timber Bridge^ three hundred and sixty-five 
feet long, supported in the middle by a great rock« 

WINDSORBBIDGE, 

Tlus Bridge connects Windsor and Cornish, and 
is five hundred and twenty-one feet long, by thirty. 
four feet wide^ It consists of two arcs, each one 
hundred and forty-foiu* feet chord. The pier in 
the centre is forty-six feet by forty-one* This Bridge 
cost twen^ thousand dollars^ 

A BRIDGE 

OVER THE MERRIMACK RIVER. 

A little below Amoskeag Falls, is erected a Bridge 

five hundred and fifty^six feet long and eighty feet 

wide, supported by five piers and two abutments. 

The top of this Bridge is thirty feet from the river. 

It contains two hundred tons of timber, and wis built 

hi fifty-seven days. 

19 
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PISCATAQUA BRIDGE. 

In the year one thoasand seven hundred and 
ninety.four, a Bridge was built oyer the River 
Kscataqua, seven miles above Pwtsniouth. Its 
length is twenty-idx himdred feet ; of which twen- 
ty-two hundred feet are planked. The greater 
part of this Bridge is buih of piles driven into the 
bed of the river in the common way* But that 
part which engages the attention of travellers, is 
an arc nearly in the centre of the river, uniting 
two islands, over water forty-six feet deep. This 
stupendous arc of two hundred and forty-four 
feet on the chord, is allowed to be a masterly piece 
of Architecture, planned and built by tKe ingeni- 
ous Mr. Timothy Palmer, of Newburyport-. 
This Bridge cost the proprietors sixty-eight thou- 
sand dollars. 

MALDEN BRIDGE, 

IN THE STATE OF MASSACHUSETTS.. 

This Bridge is built across Mystick River, con- 
necting Charleston with Maiden. Its length is 
twenty-four hundred and twenty feet ; the breadth 
of Bridge is thirty-two feet, audits height from the 
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water is twenty-three feet. This Bri^;e cost in 
building fourteen thousand dollars. 

ROWLEY BRIDGE. 

On the post-road between Boston and Newbuiyport 
is a Bridge across Parker's River, eight hundred 
and seventy feet long, and twenty-six feet wide, 
consisting of nine solid piers and eight wooden arcs. 

DEER'S ISLAND BRIDGE, 

Over the Merrimack River, in the county of Es- 
sex, near Newburyport, \& a Bridge that was planned 
by Mr. Timothy Palmer, in the year one thou- 
sand seven hundred and ninet)'^-two, constructed 
with two arcs ; the one is one hundred and six^ and 
the other is one hundred and thirteen feet chord, and 
is erected forty feet above the level of high- water. 

ESSEX BRIDGE 

is fifteen hundred feet long, has a convenient draw, 
and is admired by travellers as a very elegant Bridge. 

HAVERHILL BRIDGE, 

is six himdred and fifty feet in length and thirty- 
four feet wide» It has three arcs, each one hun* 
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dred and eighty feet chord supported by three hand* 
some stone piers, forty feet square. It has also as 
many defensive piers and sterlings exten(ting up the 
river, fifty feet above the Bridge. 

MERRIMACK BRIDGE, 

between Newbury and IJaverhiU Bridges, b of inge- 
nious and elegant workmanship. It is the kK^st 
of any on Merrimack River, by several hundred feet. 
It consists of four long arcs, with five piers, and also 
has a draw. 

BRIDGES 

IN THE STATE OF RHODE-ISL AND, 

The assembly in this state, in their session of May 
seventeen hundred and ninety-two, passed an act in- 
corporating three companies for the purpose of erect- 
ing three Bridges, one over the upper, and another 
over the lower ferry of Seckhonck river, and a third 
over Rowland's ferry. This last mentioned Bridge 
is nine hundred feet long, thirty-six broad, has for- 
ty-two piers, and a sliding draw. Thejgreatest depth 
of water at this place is fifty-one feet. 
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WEYBOSSET BRIDGE. 

The great Bridge in the town of Providence, for- 
merly called Weybosset, from a high hill pf that 
name, which stood near the west end of the Bridge, 
but which is now removed, and its base built upon^ 
was, till lately, the only Bridge of considerable note 
in this state. It is one hundred and sixty feet long, 
and twenty -two feet wide, supported by two wooden 
tressels, and two stone pillars. It unites the eastern 
and western parts of the town, and is a place of resort 
in summer, affording a pleasant prospect of all ves- 
sels entering and leaving the harbour. 

MOHAWK BRIDGE. 

A Bridge over the sprouts of Mohawk River was 

finished in seventeen hundred and ninety-five. It 
is about ten miles north of the city of Albany, 

and opens an easy and direct communication with 
an extensive and thriving country to the north-west. 
It is nine hundred and sixty feet in length, twen- 
four in breadth, and fifteen above the bed of the 
river, which for the most part is rock. It is sup- 
ported by thirteen solid stone pillars, and rnake^ a 



V 



150 HISTORY 

fine appearance as you approach it froQi the south. 
About a mile west of the Bridge are the Falb cal- 
led the Cohoez, in full view, forming a grand spec- 
tacle to the eye of the traveller, while on the east 
a different scene is presented, the river belpw the 
Bridge spreading into three branches, and pour- 
ing its waters into the Hudson by as many mouths«^ 

« 

BRIDGES 

IN SOUTH AMERICA. 

The Bridges made by art are generally far from 
being commodious. Of these there are two kinds, 
besides those of stone, which are very few. The 
most common are wood, and the rest of the beju- 
cos. With respect to the first they choose a 
place where the river is very narrow, and has on 
each side high rocks. These Bridges only con- 
sist of four long beams laid from one precipice 
to the other, forming a path about a yard and a 
half in breadth, just sufiicient for a man to pass 
over on horseback ; and custom has rendered them 
so familiar, that people pass them without any 
apprehensions. Those formed of bejucos are 
never used but where the breadth of the river 
will not admit of beams being laid across. Several 
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of these bejucos are twisted together, in order 
to form a large cable of the length required ; and 
six of them are drawn from one side of the riv^ 
to the other; two of which being considerably 
higher than the other four, serve for rails. Across 
those at the bottom are wattled sticks of bejucos, 
and the, whole is not unlike a fishing-net, or In- 
dian hammock, stretched from one side of the ri- 
ver to the other ; but as the meshes of this n^t 
are very large, and the foot would be in danger of 
^pping through, they cover the bottom with reeds, 
which serve for a floor. The mere weight of tWs 
kind of basket Bridge, and much more the weight 
of a man passing over, must cause it to make a 
prodigious bend ; and, if it be considered that the 
passenger, when in the midst of his course, espe- 
cially if there be a wind, is exposed to be swung 
from side to side, a Bridge of this sort, sometimes 
above ninety feet long, must appear extremely 
frightful ; yet the Indians run over it, loaded with 
the ba^age and pack-saddles of the mules, laugh- 
ing to see the Europeans afraid of venturing. The 
greatest part of these Bridges are only for men and 
women '^ the mides s>vinuning over the rivers; for 



IS2 H I S T 6 R Y 

their loading being taken off, they are drivett into 
the water about a mile and a half above the Bridge, 
ki order that they may reach the opposite shore 
near it; they being usually carried so far by the 
rapidity of the stream. 

Instead of a bejucos Bridge, some rivers are pass- 
ed by means of a tarabita, which is a single rope 
either made of bejucos or Aongs cut from the 
hide of an ox, and consisting of several strands, 
which, when twilled, form a rope of six or eight in- 
ches in thickness. This is extended across the 
river, and fastened on one side to a strong post, 
and on the other to a wheel, that it may be strdt- 
ened or slackened as occasion serves. From the 
tarabita hangs a kind of leathern hammock, large 
enough to contain a man, and suspended by a clue 
at each end, hanging in a loop over the tarabita^ 
A rope is also fastened to it, and extended 6ver the 
river, for drawing the hammock to the side inten- 
ded ; which, with a push at its first setting ofl^ 
sends it quickly to the other side. This iiot only 
serves to carry over persons, but the burthens 
of beasts, and also the anin^ials themselves, where 
the rapidity of the current and the prodigious 
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itones continually carried along by it, render it im- 
practicable for them to swim over. For carrying 
over the mules, two tarabitas are used, one for each 
side of the river ; and these are much thicker and 
slacker. On this rope is only one clue or loc^, 
which is of wood ; and by this a beast is suspen^ 
ded, being fastened to it with girts round the bel- 
ly and neck. When this is performed, the crea- 
ture is pushed oflP, and almost immediately landed 
on the opposite side. Animals that are accustom- 
ed to be conveyed over in this manner never make 
the least opposition, but come of themselves to 
have the girts fastened round them ; yet they are 
at first brought with great difficulty to suffer this 
to be done, and on their finding themselves sus- 
pended in the air, kick and plunge violently du- 
ring their short passage. 

THE NATURAL BRIDGE, 

in tlie county of Rockbridge, Virginia, is a stupen-. 
dous curiosity. It unites two hills, between which 
V passes a small stream called Cedar Creek. The 
height of the Bridge from the water is about two 
liundred and ten feet. The bases of the abutments 

20 
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are, in different places, from forty-eight to seventy 
feet apart ; the mean distance being about sixty feet. 
One of these walls, or abutments, is nearly perpen- 
dicular ; the other falls back, so that the top of the 
arc is from eighty to ninety feet wide ; the cover- 
ing of the arc is from forty to fifty feet thick. It 
is of limestone, forming one entire mass, with two 
abutments. This is thought by some to contradict 
the idea that this fissure was produced by some great 
convulsion. Its surface, over which is a considera- 
ble road, is a gentle slope and stony ; but generally 
covered with earth, which supports many large 
trees. The under side is lower at one end than at the 
other. Both ends rise like an arc ; but in the middle 
extend horizontally nearly in a straight line. The 
walls which support the arc, and those which 
form the sides of the Bridge, are very irregular. In 
some parts they are smooth and perpendicular ; in 
others there are cavities ; while other parts exhibit a 
protuberant and craggy surface. The Bridge cros- 
ses the vale obliquely. In the middle, it , is sixty ^ 
five feet in breadth ; but much wider at the ends. 
The banks which support the Bridge extend with 
the same height several hundred yards on each side 
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of the stream ; but do not correspond with each other 
as if rent asunder. The course of the fissure, for 
a considerable distance above and below the Bridge, 
resembles an ill-formed S, spreading wider as it ex- 
tends either above or below. Few persons have 
courage to approach the sides of this Bridge. 
Those who do are instantly seized with terror. 
They involuntarily fall to the ground, cling to a stone 
or a tree, look down on the frightful abyss, gaze 
with astonishment at the massy walls, the deep wind- 
ing valley, the rushing stream and the distant hills. 
To persons below, a prospect not less awful is 
presented ; the lowering arc, the frightful precipice, 
and the gloomy forest relieved by the distant sky. 

We cannot refrain from gratifying ourselves here with 
the insertion of some lines written on this Bridge, by Mr. 
John Davis, who some time ago published in England a hu- 
morous volume of Travels in America. 

When Fancy, from the azure skies, 

On earth came down, before unseen, 
She bade the wondrous structure rise, 

And haply chose this sylvan scene. 

The Graces too, with spritely air, 

Assisted in the work divine ; 
The arc they formed with nicest care, 

And made the murm'ring stream incline. 
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Then Fancy, from the pile above, 

Would gaze, with rapture bending o'er ; 

And, charm'd, behold the streamlet rove, 
While Echo mock*d its sullen roar. 

And here, perhaps, the Indian stood. 

With uplift hands, and eye amaz'd. 
As, sudden, from the devious wood, 

He first upon the fabric gaz'd I 

See Tadmore's domes and halls of state. 

In undistinguished ruin lie ; 
See Rome's proud empire yield to fate. 

And claim the mournful pilgrim's sigh. 

But while relentless Time impairs 

The monuments of crumbling art, 
This pile, unfading beauty wears, 

Eternal in its ev'ry part.* 

* The Editor of the Port Folio has affixed a Note to these 
verses, which were published in that work, in January, 
one thousand eight hundred and nine, and we shall take the 
liberty to insert it here. 

" The Bridges in America, whether they be natural or un- 
natural, have been so imperfectly if not injuriously described 
by European travellers and tourists, that no foreign reader 
has an adequate idea of these structures, which, from Solo- 
mon's Bridge over the brook Cedron to Romsoi mag^fi- 
cence, displayed on the Tiber, have contributed so much to 
the convenience and the character of nations. 



OF BRIDGES. 15T 



THE NATURAL BRIDGE, 

in the county of Lee, Virginia, is a g^eat curiosity. 
This Bridge is one hundred and thirty-four feet 
liigher than the one just described, being three hun- 
dred and thirty-nine feet in perpendicular height: 
Its summit projects eighty-scvenfeet over its base ; 
it fronts to the south-west, and is arched as regular- 
ly as could be by the hands of art. The arc in 
front is about two hundred feet' high, and slopes off 
to sixty feet, at the distance of one hundred and 
six feet from the entrance. From its mouth, in a 
straight direction, it measures four hundred and six 
feet ; thence at right angles three hundred feet ; 
thence crossing the second line at eighty feet from 

the wall to the other end, three hundred and forty 
feet. The roof is regularly arched, and gradually 
descends to eighteen feet, which is the lowest part 
at the intersection of the second angle ; it then 
rises to twenty, thirty, forty, and seventy-five feet, 
wluch is the height of the north-east entrance. The 
stream of the water which runs under this Bridge 
is from thirty-five to fifty-five feet wide, at its com* 
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mon height. The head of this stream (Stock 
Creek) is from three to four miles above the Bridge, 
rising out of a knob or spur of Ci nch mountain, 
and emp ties itself three miles below, into Clinch ri- 
ven It is suddenly swelled by rains sometimes to 
fifteen and eighteen feet perpendicular ; but soon ex- 
hausts itself. There is a wa^on-road over the 
Bridge, which is only used in time of freshes, and is 
then the only part that can be crossed. On approach- 
ing it to the south-west front, it produces the most 
pleasmg awfiil sensations : the front is a solid rock 
tjf limestone, the surface very smooth and regular, 
formed in a semicircle, the rock of a bright yellow 
colour, which is heightened by the rays of the sun ; 
the arc is partly coloured by a spur of the ridge, 
which runs down the edge of the creek, in front of 
the arc. Across the creek stand several beautiful 
trees ; the most elegant and luxuriant is a cucumber 
tree, teeming with fruit ; the leaves from two to two 
and a half feet in length, and one foot in breadth. 
This, with some white-cedars and w^nut-trees, adds 
very much to the beauty of the scene. 

If the view below creates such pleasing sensations, 
what must that from above be ! It fills the mind 
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with horror ! From the level of the summit of the 
ridge, where the road passes to the verge of the fis- 
sure, the mountain descends about forty -five degrees 
of an angle, and is nearly fifty feet in perpendicular 
height. You involuntarily slide down, feet fore- 
most, holding by every twig you pass, until you 
reach the verge, which is for six or eight feet less 
steep; the rock is covered with a thick stratum of 
earth, which gives growth to many large treeS, 
From this landing-place to the verge is a descent 
of nine feet, so steep that it cannot be approached 
near enough to look over. To the west of the arc, 
about four hundred yards, the ascent to the verge is 
much leveller, where you may look into the abyss 
below. " My guide," says the gentleman who 
furnished this account, was an old hunter, who had 
for many years been accustomed to clambering over 
-steepest mountains. On approaching the verge, the 
horror of the scene below iiitimidated him for a few 
moments ; but he could presently walk along the 
verge ^th composure. This Bridge may be passed 
by thousands without a knowledge of it, unless at*, 
tjacted bv the roaring of the ^vaters below.* 

* M!orse*3 Geography, 
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We have given the foregoing descriptions of two 
natural Bridge^, because we have found them under 
the head of Bridges, in other works; but what 
they have to do, as mere litsi naturaj with Bridges 
of Art we are not able to conceive. The authority 
of Dr. Morse is sufficiently respectable; but his 
correspondent, who gives the account of the first 
natural Bridge, must have been composed of far 
different stuff hoxa ^y other traveller we have ever 
heard of. On his approach to the sides of the 
Bridge he is instantly seized with terror^ involun- 
tarily falls to the groundy then clings to a stone or 
a tree^ and, whilst he is gazing tvith astonishment 
at the massy walls ^ the deep winding valley and the 
rushing^ stream^ he very deliberately takes a sang- 
froid view of the distant hills. But, verbum sat. 
Our criticism, we trust, will be pardoned. 

There are many other Bridges which might as 
well have been left out of this work as the natural 
Bridges ; but as our design is to compare our Bridge 
with all others (for the test of every thing must 
be made by comparison) they become a necessary 
part of our great whole. 

*Aiitde dribbting rivulet. 
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PENDENT BRIDGE 8. 

Pendent, or hanging Bridges, called also phUQ- 
mphical Bttdge^^ are those which are not suppor- 
ted by posts or pillars, but hang at large in the air, 
being sustained only at the two ends or abutments. 
Bridges of this kind are used by the Spaniards 
far passing the torrents in Peru, over which it 
would be difficult to throw more solid structures 
either of stone or timber. Some of these hangii^ 
Bridges are fcHined so strong and broad, that load- 
ed mules pass along them. Ullda, tdm« i, page three 
hundred and fifty eight. Dr. Wall is gives the 
design of a timber Bi'idge, seventy feet long, with- 
out any pillars, which may be useful in place$ 
where pillars cannot be conveniently erected. PhiL 
Trans. No. (»ie hundred and sixty three^ p. sevea 
hundred and fourteen^ I>r. PtoTT informs us that 
there was formerly a large Bridge over the ca$tle* 
ditch at Tuthury in Staffordshire, made of pieces 
of timber, none much above a yard long, and yet 
not supported ujidemeath, either with pillars or 
m^hwork, or any other sort of prop whatever.* 

* Dr. Recs's New Cyclopadia. 

21 
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PORTABLE BRIDGES. 

Under this article of Bridges we may also mention 
portable Bridges, easily taken asunder, and put 
together again. M. Couplet mentions one of 
this kind, two hundred feet long, and which forty 
men mav carr\'. See Du Hamel. Hist. Rov. Acad. 
Scienc. C; iii, S 5, C. 4.* 

In the middle ages Bridge-building ^\"as reckon. 
ed among the acts of religion ; and a regular order 
of hospitallers was founded by St. Benezet, towards 
the close of the twelfth century, under the denomi- 
nation of Pontifices or Bridge builders, whose of- 
fice was to assist travellers by making Bridges, sett- 
ling ferries, and receiving strangers in hospitals or 
houses built on the banks of rivers. We read of a 
hospital of this kind at AvigncMi, where the hospital- 
lers dwelt under the direction of their first superior, 

ft 

St. Benezet. The Jesuit Raynaldus has a treatise 
expressly on St. John the Bridge-builder.* 

BRIDGE OF AVIGNON, 

CONSTRUCTED OF STONE. 

The Bridge of Avignon was begun in the year 
one thousand one hundred and seventy-six, and 

* Dr. Rees's New Cyclopsedia. 
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finished in one thousand one hundred and ei^ty- 
eight. It consisted of eighteen arcs, and was about 
three thousand feet in length. Several of its arcs 
have been destroyed by the rapidity of the current, 
together with the force of the ice.* 

M. MoNTUCLA, in his Recreations in Mathe- 
matics, translated mto English by Charles Hut- 
ton, LL. D. and F. R. S. Vol III, Page 426, 
has proposed the following problem. 

PROBLEM XII. 

How to construct a wooden Bridge of one him- 

dred feet and more in length, and of one arc, with, 
pieces of timber, none of which shall be more than 
a few feet in length. 

We shall here suppose that the pieces of tim- 
ber intended for a Bridge of this kind are twelve 
or fourteen inches square, and only about twelve 
feet in length : or that particular circumstances have 
prevented rows of piles from being sunk in the 
bed of the river, to support the beams employed in 
constructing the work. In what manner must the 
architect proceed to build the Bridge, notwithstan- 
ding these difficulties ? 

* Dr. Rees's New Cyclopsedia. * 
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The execution of this plan is not impossible : for 
it might be accomplished in the fcdlowing manner* 
First trace out, on a large wall, a plan of the pro* 
jected Bridge* By describing two concentric aroa 
at such a distance from each other as the length 
of the pieces of timber to be employed will admit, 
which we shall suppose, for example, to be ten 
feet, giving them the form of an arc of ninety de- 
gttes fix)m one pier to another : then divide tins 
arc into a certain number of equal parts, in such a 
manner, that thp arc of each shall not exceed five 
xxt six feet. 

On the supposition here made, of the cHstancc 
irf one hundred feet between the two piers, an arc 
of ninety degrees which covers it would be one 
hundred and ten feet in length, and its radiu$ 
would be seventy feet. Divide, then, this arc into 
twenty-two equal parts, of five feet each, and with 
the above pieces of timber, joined together, from a 
kind of voussoir eight or ten feet in. height, five 
feet in breadth at the intrados, and five feet eight 
inches six lines at the extrados ; for such are the 
proportions of these arcs, according to the above 
dimensions. Fie, 20 represents cm of these vous- 
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aoirs, which, as it is e^dent, consists of foiir piin- 
cipal pieces of strong timber, at least ten inches 
square^which meet two and two at the centre of 
tfieir respective arcs ; of three principal cross bands 
at each face, as A C, B D, E F, a c, 6di e/ which 
must be exceeding strong, and therefore ought 
to be twelve or fourteen inches in height, and 
ten inches in breadth ; and, lastly, of several lateral 
bands, between the two faces, to bind them toge- 
ther in different directions, and to prevent them firom 
giving way. A voussoir of this kind may be about 
six feet in length ; that is between the two feces 
AE, FB, anda(?,/6. 

An arc must then be formed of these voussoirs, » 
exactly in the same manner as if they were stone, 
and when they are all arranged in their proper pla- 
ces, the difierent pieces may be bound together ac- 
cording to the rules of art, either with pins or bra- 
ces. Several arcs or ribs of this kind must be 
formed, close to each other, according to the inten- 
ded breadth of the Bridge ; and the pieces may be 
bound together in the same manner as the first, so / 
as to render the whcde firm and secure. By these 
means we shall have a wooden Bridge of one arc^ 
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which it would be very difficult to construct -in any 
other manner. 

It now remains to be examined whether these 
voussoirs will have sufficient strei^th to resist the 
pressure which they will exert on each other. The 
following calculation will shew that there can be 
no doubt of it : 

It appears, from the experiment of Muschen- 
broeck,* and the theory of the resistance of bodies, 
that a piece of oak twelve inches square and five 
feet in length, can sustain, in an upright position, 
iWithout breakii^, two hundred and sixty-four 
thousand pounds ; hence it follows that a cross band, 
as AC, or E F, five feet in length and twelve mches 
by ten, can support two hundred and twenty thousand 
pounds ; but, for the greater certainty, we shall re- 
duce this weight to one hundred and fifty thousand; 
therefore, as we have six bands of this length, a few 
inches more or less in each of these voussoirs, it is 
evident that the effort which one of these voussoirs 
is capable of sustaining will be at least nine hun- 
dred thousand pounds. Let us now examine what 
is the real effort to be resisted. 

* Essais de Physique, vol ij cliap. ii: 
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We have found, by calculating, the absolute 
weight of such a voussoir, and even supposing it 
to be considerably increased, that it will weigh at 
most between seven or eight thousand pounds of 
seven thousand five hundred. The weight, then, 
resting on one of the piers, most loaded, having 
ten voussoirs to support, will be charged only 
with the weight of seventy.five thousand pounds ; 
a weight, however, which, on accoimt of the posi- 
tion of the voussoirs, will exert a pressure of one 
hundred and fifteen thousand pounds ; but we shaU 
suppose it to be even one hundred and twenty 
thousand. There is reason therefore to conclude, 
from this calculation, that such a Bridge would not 
only have strength to support itself, but also to bear, 
without any danger of breaking, the most ponder- 
ous burthens : it even appears that it would not be 
necessary to make the pieces of timber so strong. 

If the expense of such a Bridge be compared 
with that attending the common method, it will 
perhaps be found to be much less ; for one of these 
voussoirs will contain no more than one hundred 
and forty or one hujidred and fifty square feet of 
timber, which, at the rate of two shillings per foot, 
would be only fifteen pounds ; so that the twenty- 
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tvm voussoirs cf one course cr rib would cost 
three hundred and durty pounds ; consequendy, if 
we suppose die breadth oi die Bridge to consist of 
four courses or ribs, the whole would amount only 
to one thousand diree hundred and twenty poimds. 
It must indeed be allowed that, to asx^kte such ac 
Bridge, other expenses would be required ; but the 
object here jH'oposed was to shew the possibility 
of constructing it, and not to calculate the expense* 
The idea of such a Bridge first occiured to me 
m consequence of a dang^mus passage I met with 
in the province of Cusco, ia Peru ; where I was 
dSsliged to cross a torrent, that flows between two 
rocks, about one hundred and twenty-five feet 
distant from each other, and more than one hun- 
dred and fifty feet in height. The inhabitants of 
Ae Country have constructed there a Travita.^ 
where I was in danger of perishing. When I ar- 

* This is an Indian Bridge, the very idea of which is 
enough to make one shudder. A man is placed in a 
bask£t fastened by a pulley to a rope, which is extended 
from the one side of a torrent to the other. The basket and 
rope are both constructed of those creeping plants which 
the inhabitants of America employ in almost all their work. 
As soon as the man is got into the machine, it is drawn OTer 
to the opposite side, by means of a rope ftstened to the pulley. 
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rived at the next village, I began to reflect on the 
best means of constructing in this place a wooden 
Bridge, and I contrived the above expedient, I 
proposed my plan to the Corregidor, Don Jatmb 
Alokzo Y Cuniga, a very intelligent man^who 
being fond of the French, received me with great po. 
liteness. He approved of my idea, and agreed that, at 
the expense of a thousand piasters, a Bridge of twelve 
feet in breadth, which all Peru would come to see, 
through curiosity, might be constructed in that 
place. But, as I set out three days after, I do not 
know whether this project^ with which this worthy 
man seemed highly pleased, was ever carried into 
execution* 

It may here be remarked that it would be easy 
to arrange the voussoirs of a Bridge of this kind 
ki such a manner that, in case of necessity, any 
one of them might be taken out, in order to 
substitute another in its stead, which would af- 
ford the means of making all the necessary re- 
pairs* 

If the rope used for dragging over the machine should breaks 
the man must remain suspended for some hours, until mean3 
have been found to relieve him from his painful situation. 

522 
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• An Account of a New Method of constructing 
Wooden Bridges : Extracted from the Philosophical 
Magazine, No. cxlviii, for August, one thousand 
eight hundred and ten. 

M. WiEBEKiNG, director of roads and Bridges 
to the king of Bavaria, has discovered a method of 
constructing wooden Bridges, which, in point of 
Strength and solidity, promise a duration of several 
centuries. They are also remarkable for the ele- 
gance of their form and the width of the arcs. 
A Bridge has been constructed on the above plan 
over the river Roth, five leagues from Passau, 
(Germany) consisting of a single arc two hundred 
feet wide : another has been made for a large city, 
two hundred and eighty-six feet wide. 

These arcs may be so constructed as to admit 
pf ships of war or merchant vessels passing through 
them, an aperture being made in the centre, which 
can be opened or shut at pleasure. Another ad- 
vantage possessed by these Bridges is that of being 
speedily taken to pieces : if it be necessary to stop 
the progress of an enemy, the arc may be remov- 
ed in one day, and the abutments in another, with- 
0at cutting the .smallest piece of tiftiber. 
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With respect to the advantages in point of oeccMi- 
omy resuhing from the adoption of M. Wi e b e k i n's 
plan, it has been estimated that a stone Bridge of 
similar dimensions to a wooden one of a given size 
would cost two millions of florins, whereas the lat- 
ter would cost only fifty thousand florins ; and oii 
the supposition that a wooden Bridge will only last 
one hundred years, it follows that, taking the interest 
on the principle sum into the computation, there 
will result a saving jof eleven millions six hundred 
and eighty thousand florins. 

CHAIN BRIDGE. 

The chain Bridge lately thrown over the Mem- 
mack, three miles above Newbury port, in the state 
of Massachusetts, is now in constant use. This 
Bridge con^sts of a single arc, two hundred and 
forty-four feet span. The abutments are of stone, 
forty-seven feet long, and thirty-seven high; the 
uprights, or framed work, which stand on the abut- 
ments, are thirty-five feet high, over which are sus- 
pended ten distinct chains, the ends of which on 
both sides of the river are buried in deep pits and 
secured by lai^ stones : each chain is five hundred 
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land sixteen feet long ; and, where they pass over 
the uprights, they are treble, and made m short 
links, which is said to be more secure than saddles 
made of plates of iron. The four middle joists 
rest on the chains ; all the rest are suspended to the 
main chains to equalize the floon This Bridge has 
two passage-ways of fifteen feet in width each, and 
the floor is so solid as to admit of horses, carria- 
ges, &c, to travel at any speed, with very little 
perceptible motion of the floors. The railing is 
stout and strong, which adds much firmness 
to the floor. There are three chains in each range 
on each side, and four in the middle range : they 
are calculated to support nearly five hundred tons. 
From the surface of the water to the middle of the 
floor is forty feet ; and from the top of the abut- 
ments to the top of the uprights is thirty-five feet 
high, making seventy-two feet. The magnitude 
and power of the abutments, the width and length 
of the floors, the elevation of the work, the evident 
powers of the chains, &c. all conspire tq make it a 
wonderful work. Every expense attending it did 
fiQt amount to twenty-five thousand dollars. The 
abutment being of stone, the uprights covered, and 
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die chains painted to prevent rust, leaves nothing 
but the flooring to decay. This Bridge was con- 
structed by John T£MPL£MAN, Esq. of the dlstrict 
of Columbia, whose talents for the productions of 
such work, and the various improvements sugges- 
ted and used by lum, have been highly beneficial, 
and do him great credit. 

A BRIDGE, 

OVER THE POTOWMACK, 
CONSTRUCTED OF TIMBER. 

This Bridge is near a mile in length, and affords 
a considerable convenience by shortening the dis- 
tance from the city of 

WASHINGTON,* 

to Alexandria. It is supported with a number of 

timber piles, driven into the bed of the river, and 
beams are laid thereon to form the carriage road, 
which is planked from end to end. The expense 
of building this Bridge, we are told, was one hun- 
dred thousand dollars. 

* We cannot help here remarking that, am<Hig 
the many vast plans which the illustrious Wash- 
ington conceived for his country's wel&re, the 
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establishment of this City, appeared to occupy no 

« 

small share of his attention ; and experience has 
proved that the seat of government could not have 
been placed in a more convenient situation for all 
the purposes of correct state policy. Besides 
this, it is impossible for the imagination to conceive 
a site more appropriate for the capital of a great 
nation than the one in question. The comman- 
ding mount, on which the Capitol rests, is truly 
emblematic of Legislative authority ; the finely 
diversified hill and dale of the surrounding coun- 
try, the magnificent banks of the Potowmack, and 
its waters boldly meandering throii^h scenery of 
unequalled grandeur, combine to fill the specta- 
tor with awe, and give him a presentiment of the 
future high destinies of this embryo metropolis. 

When national spirit and prosperity shall have 
Hjtained a proper height, and miserable speculation 
give way to a generous encouragement of the arts, 
a Vitruvius and a Palladio may be found. The 
domes of science will then be seen raising their 
heads where now the stinkweed rattles in the 
breeze; the broad arc, embracing the Potowmack 
with its friendly arms, shall disencumber its tide 



OF BRIDGES. 175 

from the mean pile-work with which it is now ob- 
structed; and the Tiber of America may rank 
gloriously among nations. 

There are many other Bridges erected in the. 
United States, and in other parts of the world ; that 
we have not here noticed, most of them being of a 
character not very interesting ; and as we have 
already exceeded the bounds allotted us in this 
work for the History of Bridges, we shall now pass 
on to a recapitulation or index of those we have cited j; 
and offer some critical remarks thereon. 



i7ft INDEX 



Page. SITE, VBBBK BRIDGE S abe built, lenothi 













/ 






FEET. 


36 


BRIDGE 


over 


the 


Euphrates 


- 


m 


660 


39 


- 


- 


over 


the 


Danube 


- 


- 


m 


39 


- 


- 


over 


the 


Bosphorus 


- 


- 


3000 


39 


- 


- 


over 


the 


Hellespont 


- 


- 


5200 


39 


- 


- 


over 


the 


Hellespont 


- 


tm 


6200 


40 


m 


- 


over 


the 


Rhine 


- 


m 


- 


42 


m 


■1 


over 


the 


Safterbany Nullah 




70 


43 


- 


- 


over 


the 


Dadookoo 


M 


- 


52 


44 


- 


tm 


at 


- 


Bootan 


- 


- 


220 


44 


- 


- 


at 


• 


Bootan 


- 


- 


150 


45 


- 


- 


at 


- 


Durham - 


- 


• 


70 


47 


- 


- 


at 


- 


Bootan 


- 


- 


70 


48 


- 


- 


at 


- 


Bootan 


- 


« 


66 


49 


- 


- 


at 


- 


Wandipore 


- 


- 


168 


51 


- 


- 


at 


m 


Thibet . 


- 


- 


- 


52 


- 


- 


in 


- 


China 


- 


m 


600 


53 


- 


- 


in 


- 


China 


- 


- 


- 


53 


- 


r 


in. 


- 


China 


- 


- 


11880 


53 


- 


am 


in 


- 


China 


- 


- 


4950 


54 


- ■ 


- 


in 


- 


Persia 


- 


- 


996 


55 


- 


- 


in 


m 


Russia 


•» 


- 


98 


57 


- 


«• 


in 


- 


Italy 


- 


•* 


95 


58 


a* 


^ 


in 


- 


Switzerland 


- 


- 


360 


59 


- 


- 


in 


- 


Switzerland 


- 


- 


490 


59 


- 


« 


in 


•• 


Switzerland 


m 


- 


- 


60 


- 


- 


in 


- 


Switzerland 


- 


- 


200 


61 


• 


. 


in 


• 


Africa 


. 


• 


• 



to BRIDGES. 177 



BrEADTH} HEIOHTi ARCS) CHORDSi MATERIALS. 



FT. FT. 

36 



30 


- 




la 


4 


- 


w 


- 


6 


- 


- 


80 


3 


« 


- 


70 


5 


- 


- 


42 


a 


» 


- 


60 


4 


m 


fc 


30 


% 


- 


- 


- 


9 


rf 


• 


34 



S5 
25 
50 



23 



750 



24 



1 


- 


660 




Brick 


- 


- 


- 


- 


Boats 


I 


- 


* 


«v 


Boats 


- 


« 




m 


Boats 


m 


- 


- 


- 


Ships 


- 


- 


1 


- 


Timber 


- 


- 


- 


- 


V 

Bamboos 


- 


«* 


- 


- 


Trees 


- 


- 


- 


L 


Two Ropes 


- 


m 


- 


- 


Seven Chains 


tm 


- 


- 


A 


Seven Chains 


- 


• 


m 


- 


Two Chains 


- 


- 


- 


- 


Beams 


- 


- 


- 


- 


Logs of Fir 


- 


- 


- 


- 


Stone and Woo4 


1 


« 


600 


- 


Stone 


- 


- 


- 


- 


Barges 


301 


- 


m 


• 


White Stone 


100 


- 


m 


- 


White Stone 


- 


• 


- 


- 


Brick and Stone 


1 


- 


98 


m 


Timber 


1 


- 


95 


- 


Marble 


2 


A 


V 


- 


Timber 


1 


m 


- 


- 


Stone 


1 


- 


- 


- 


Timber 


1 


- 


- 


tk 


Timber 





^ 


M 


. 


Troes 



23 



ITS 



INDEX 



Page, sits, whzrs BRiDOfi S asb boilt. LfiNortf. 



\ 



63 
64 
64 
64 
65 
65 
67 
68 
69 
70 
71 
71 
73 
73 
74 
75 
78 
81 
82 
82 
82 
83 
84 
87 
89 
92 
94 



BftlDGE 



in 


Norway- 


- 


in 


Norway 


- 


in 


Spain • . 


- 


in 


Spain 


• 


in 


Portugal 


m 


in 


Portugal 


m 


in 


Gennany 


- 


in 


Italy 


• 


in 


France - 


m 


in 


France - 


•» 


in 


France ^ 


b 


in 


France 


• 


in 


France * 


A 


in 


France * 


* 


in 


France •• 


» 


in 


France - 


• 


at 


Londonderry 


- 


at 


- Dublin . 


- 


at 


Dublin - 


- 


at 


- Dublin - 


- 


at 


Dublin - 


- 


at 


- Croyland (Eng.) 


- 


London - 


- 


m 


Westminster 


• 


- 


Black Friars 


« 


at 


Hampton Court 


at 


- * Maidenhead 


•■ 



FEBT. 

300 
1500 

660 
2464 
4490 

637 

1020 
900 
696 
413 
249 

1100 
516 

1068 
102 



932 

1223 

1100 

500 



38 



TO BRIDGES. 179 



BSLXAPTH) ^KIOHT) AftQS} CHORDS, MATERIALS. 



»T. FT. 



60 

75 

72 

48 

41 

30 
40 



45 

44 
42 



- 


«• 


* at 


Masts 


^ 


^ 


- 


Stone and Wood 


. 


30 


- 


Stone 


• 


- 


- 


Stone and Wood 


200 


6 


-. 100 


Stone 


227 


35 


- 108 


Stone 


150 


?l 


- 170 


Stone 


112 


4 


- 142 


Stone 


• 


26 


m «• 


Stone 


• 


12 


« • 


Stone 


« 


m 


• m 


Boats 


w 


5 


. 128 


Stone 


• 


3 


- 128 


Stone 


* 


3 


77 


Stone 


31 


9 


. 106 


Stone 


40 


9 


57 


Cast Iron 


10 


m 


•• • 


Timber 


- 


i 


- 102 


Granite 


a 


3 


- 


Stone 


- 


5 


- 


Granite 


- 


3 


• 


Granite 


m 


3 


• m 


Stone 


44 


19 


m " 


Stone 


52 


IS 


- 76 


Stone 


48 


9 


- 100 


Stone 


m 


7 


m m 


Stone and Wood 


fc 


5 


m m 


Stone 



18© INDEX 

PagB. 8ITB, WHEBE BRIDGES ARE BUILT. hZVC^TBg 

FlBET. 



9* 


BRIDGE 


at 


- 


Eton 


■• 


1 


d5 


- 


- 


at 


- 


Chippenham 


•a 


- 


96 


m 


- 


at 


- 


Bradford 


•m 


- 




- 


f^ 


at 


- 


Bath - 


- 


- 


96 


- 


- 


at 


- 


Bath - 


- 


mtt 


97 


«■ 


- 


at 


- 


Bath - 


m 


- 


98 


- 


m 


at 


- 


Ke3msham 


- 


- 


105 


- 


tm 


at 


m 


Bristol 


- 


200 


107 


- 


- 


at 


- 


Blenheim 


- 


310 


108 


- 


- 


at 


m 


Oxford 


m 


- 


109 


- 


- 


at 


- 


Rochester 


- 


550 


109 


- 


«> 


at 


«V 


Burton 


- 


1545 


111 


- 


m 


at 


- 


Coalbrook Dale 


- 


100 


112 


- 


m 


at 


i» 


Wearmouth - 


- 


240 


118 


- 


- 


at 


- 


Bristol 


«• 


100 


119 


- 


«■ 


at 


- 


Buildwas 


- 


130 


120 


- 


- 


at 


- 


Bridgewater 


w 


120 


120 


- 


- 


at 


- 


Staines 


.» 


181 


121 


- 


- 


over 


the 


Taff - 


• 


200 


125 


m 


- 


over 


the 


Peaths 


- 


300 


126 


«/ 


- 


over 


the 


Lune 


«B 


379 


128 


- 


^ 


over 


the 


Charles River 


- 


1503 


128 


■1 


- 


over 


the 


Charles River 


- 


8480 


128 


«• 


- 


over 


the 


Lake Cayuga 


- 


5280 


129 


ktf 


m 


at 


'» 


Schenectady 


- 


- 


129 


- 


- 


at 


m 


Trenton 


- 


1320 


i?? 


u 


«• 


ever 


the 


Schuylkill 


m 


1309 



TO BRIDGE* 181 



BrbabtH) height, arcs, chords, materials. 

PT. FT. 
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* By the foregoing Index, the reader will not only be as- 
sisted to find more readily any particular Bridge he may 
wish to refer to, but also he will at once learn what is the 
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BreadtH) height, arcs, chords, materials* 

TT. FT 

25 •» - - - 13 piers Timber 

36 - - - 1 230 Timber and Stone 

- - - - 1 pier Timber 

34 .. - 2 144 ^ Timber 

80 - - 30 5 piers Timber 

1 244 Timber 
32 - - 23 - - Timber 

26 - - - 8 9 piers Timber 

2 160 Timber 
- Timber 

34 - - - 3 180 Timber and Stone 

4 - Timber 

36 - - - - 42 jHcrs Timber 

22 - - • - - Timber 

2% - - 15 - 13 piers Timber and Stone 

4 - - - - - Bejucos 

- - - - Single Rope 

- 210 - iro Rock 
406 - - 339 - . Rock 

Timber 



Various 
18 - Stone 

72 1 244 Chains 

Timber 



greatest length, breadth, height, or number of arcs, contained 
in any Bridge recorded in history ; as also the g^reatest alti- 
tude and span of any single Arc heretofore erected. 
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R E M A R K S,* 

ON THE Bridge at ba&tloiv, Page 36. 

* This Bridge is the first that we have any account of in an-» 
cient history, as being erected with a single arc and of dura- 
ble materials, and perhaps, with some of our modem sceptics, 
who agree to believe in nothing but what their eyes have seen, 
a question like this may arise, namely, who gave the plan ? 
or taught the sons of Noah, in those early days, to build a, 
Bridge with a single arc ? The answer with every wise man 
will be, as follows : He that set his Arc or Bow in the clouds, 
man's great Preceptor ; he alone could furnish him -^hh 
the most correct and suitable plan for his Bridges. 

Whether this be the first specimen of an arc being applied td 
a Bridge, it matters not ; for although some mathematicians, 
since those days, have dreamt of such wonderful discove- 
ries in the science of arcs of lateral pressure, whereby 
they have partly filled volumes with their bewildered no- 
tions and complicated rules, to find the arc of various forms, 
yet, there is no question but the arc of this Bridge possessed all 
those requisites that are to be found in any that ar^ built in 
the present day. For we naturally infer, that if it had not 
been erected upon correct principles, its extensive iSpan would 
have procured so speedy a downfall, that the historians who 
furnished us with the account of its erection would also have 
added the time of its destruction. 

The bricks wherewith the arc in question was built, we 
read, were of lai'ge dimensions, and, instead of the sorry stuff 
profanely called mortar^ or cementy which our modern buil- 
ders use in the present day for the setting of their brick and 
stone-work, these ancients had skill to prefer the bitumen, a 
glutinous slime, which, as soon as it was set, became so uni- 
ted to the materials, that, by the time the arc was closed, or 
keyed, the whole composed one solid mass of equal firmness. 

The vast dimensions of this arc far exceed any built of 
brick or stone, in Europe or America. 
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REMARKS,* 

6K CiESAR's TIMBER BRIDGE.— PAGE 40. 

* This kind of scafTolding in water, which by some in the 
present day is profanely called Bridge Architecture, is supr 
posed to have been first introduced by Julius CiCSAR, as 4 
temporary expedient to transport his army across the Rhine> 
Whether this be the fact, or not, is quite immaterial : one 
thing is evident at first sight, namely, that by the timber 
piles or scaifold*poles of this, his formation, being drove 
obliquely into the bed of the river, not only C^bsar's me- 
chanical skill was l}ere somewhat manifested, but also his 
skeleton structure was sute to prove much stronger for itt 
intended purpose, than any of those erected in the United 
States, with their posts perpendicular. And as a cer- 
tain strength in these silly formed structures is highly acces- 
sary to their existence, and which strength is alone to be de- 
rived from the degrees of strut or brace which the standards 
possess, we are led to conclude that there has been a great 
falling off in this 9ubUme mode of Bridge building. How- 
ever, if this defect or decay in the building of these structures 
be the signal for the speedy abolition of such Bridges in this 
country, the public ought greatly to rejoice. It has long 
been the author's most fervent wish that the period may 
not be far distant, when the beautiful rivers of America shall 
no longer be annoyed with these and other nuisances,! which 
are eveiy year endangering the lives of men, and proving to 
their unskilful inventors their unsufliciency to withstand the 
Hatural effects of winter seasons. 

t Such u tto Narth Riror and EUzftb«th<Towa feny boatt. 

24 



186 C R I T I C A L REMARKS 

REMARKS* 

ON THE ROPE AND CHAIN BRIDGES, 
ERECTED IN THE EAST-INDIES-*-PAGE 44, 45, 46, 47. 

* Ancient History furnishes us with several correspondent 
accounts of the inventiqn and use of the Rope and Chain Bridge 
in ages past; and we have selected an interesting sample in 
this our brief narration, for the purpose not only of proving 
the old adage true, that experience makes the master, but also 
that necessity is often the parent of invention. The origin 
of these sort of Bridges we find illustrated in a way and man- 
lier that would do credit to our modem inventors, could they 
possess the like honesty and candor. The ancient Norden 
richly proves that he was in possession of both these valuable 
requisites, when he on this subject thus observed : " We be- 
held with wonder and amazement the busy spider dancing Jh 
an autumn mom, upon a slender thread of her own spinning, 
fastened from tree to tree at several feet distance ; this gave 
ns our plan for a Rope and Chain Bridge, by which we soon 
found a way to pass many deep and dangerous rivers." 

The first expedient of this kind made use of by the ancients 
was a single rope made of twisted creepers stretched from 
shore to shore, with a netting or hammock attached thereto ; 
but they soon found it needful to improve on this plan, by 
adding another rope, and placing them both within a hoop, in 
such a way that, by the passenger seating himself within the 
circle, he was enabled by his hands to facilitate his approach 
to the opposite shore. But as the duration of these creepers 
proved Very uncertain, and often endangered the life of 
the traveller, they quickly abandoned the use of them 
for a much stronger material, namely, links of iron, of which 
they formed chains of various strength* and numbers, for 
rivers of different span. The Bridge at Bootan, called Chuka- 
cha-zum, we find was constructed of five chains for the road, 
or platform, and two more for the hand-rail or fence for the 
protection of the passengers, The same informant also give^ 
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us an account of others in a different part of tlie world, of a 
similar kind to this fii*st mentioned. But, in page 47, he par- 
ticularizes the mode of construction of the Chain Bridge, so 
exactly similar to those we see erected lately in the United 
States, that we are ready to conclude the ancients lived yes- 
terday. The Bridge referred to is called Selo-cha-zum, and ia 
constructed of two chains. 

After so particular an account as the foregoing being re- 
corded in history for many years, it was not easily to be ex- 
pected that we should find, in any publication of modern date, 
an account of this self-same invention being recently patent- 
ed in the United States ; but, as it is the fact, we shall, for tho 
promotion of fair play, give the reader the words of the wise 
patentee, and then proceed to compare notes with the for-, 
mer relation of the ancient Bridges in the East-Indies, erected 
many hundred years ago on the self same plan, and shall point 
out in some brief particulars not only their similarity, but also 
what the author conceives to be real defects contained in aQ . 
such Bridges. 

P O R T F O L I O, No, 6. 

A descripUon of the Patent* Chain Bridge ; invented by 
James Finlet, Esq. of Fayette County, Pennsylvania. 

DESCRIPTION. 

The Bridge is solely supported by two iron chains, one on 
each side, the ends being weU secured in the ground, and the 
chains raised over piers of a sufficient height erected on the 
abutments at each side, extended so slack as to describe a 
curve, so that the two middle joists of the lower tier may rest 
on the chains. The other joists of the same tier are attach- 
ed to the chains by iron pendants of different lengths, so as to 
fonn a level of the whole. In order that the chain may sup- 
port as much weight as it could bear, when hung with the 
weight attached to the end of it, the piers must be so high «s 

* This patent was granted by the United States in the year one thousn 
and eight hundred and eight^-^Scc ^rt Folio for June, 18iar 
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to give the chain a sinking or curve of the one full seV^enth 
the span. The ends of the chains must descend from the tops 
of the piers with the same inclination that they take inwards^ 
until each end reaches the bottom of a digging, large enough 
td Contain stones and other materials sufficient to connterba* 
liance-the weight of the Bridge, and what may chance to be 
thereon. The chains, if only one to a side, must be made 
with four branches, at each end, to be let down through a» 
l^oany stones, and to be bolted below. These stones are laid 
flat on the bottom of the digging ; other flat stones may be 
placed thereon, to bind and connect the whole, that they tsMf 
have the same effect as a platform of one piece ; four or mot^ 
joists will be necessary for the upper tier — ^to extend froin 
€iid to end of the Bridge— -each will consist of more than one 
piece } the pieces had best pasi^ each other side by Mde, se 
that the ends may rest on different joists on the lower tier. 
The splice will then ei^tend from one joist to anoAer of A*^ 
IjOwer tier, and must be bolted together by one boit ak ttash 
lend of the splice. The plank flooring is laid on this tier. It 
will be probably found most convenient that the chains be 
made with links as long as the space between the joists: eve- 
ry other suspender must attach to a link pf the chain edge up- 
wards ; perhaps this may best be dpne by a clevis to go througl|; 
the upper link of the suspender, and embrace the link of the 
chain and receive a key above — ^the other suspenders will 
come up through the flat links of the chain and receive a key 
above — the lower end of the lower link of the suspender may 
be maide so wide as to receive the end pf the lower tier of 
joists. 

The author further observes there are eight of these Bridjges, 
erected since the year one thousand eight hundred and one ; 
tibe largest is at the falls of Schuylkill, three hundred and six 
feet span,* one pier ten feet wide ; supported by two chains 
pf inch and a half square bar. 

One at Cumberland, (Maryland) one hundred and thirty 

* If the ten feet pier is in the centre of the three hundred and six fofH 
lengthy the spaa of each division is one hundred and forty eight feet. 
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feet span, no pier, fifteen feet wide, supported by two chaint 
of inch and a quarter bar. 

One over Potowmac above Federal City, of same dimensioDft 
with the last. 

One do. over the Bi^andywine at Wilmington, 145 feet spaiii 
410 pier, thirty feet wide, supported by four chains of inch and 
three-eighths bar. Two carriage*ways, and one foot-path. 

One do. at Brownsville, Fayette County, one hundred and 
twenty feet long, eighteen feet wide, one inch and a quartet 
bar. 

One do. near same place, one hundred uid twelve feet long^ 
fifteen feet wide, one inch and a quarter bar. 

Having gone through the above description, and also ei* 
amined the account of one Of the Chain Bridges erected in 
the East^ndies, called Selo-cha-zum> page 47, we find, bf 
comparing them together, they perfectly agree in the follow^ 
ing essential particulars, viz : the number of tte'Chains, their 
inverted curve, the mode of fastening them in the ground^ 
their horizontal platform, and the presumptive means of repair- 
ing, all prove similar. 

But the Chain Bridge at Chuka«cha-£um, in the £ast*Indiei) 
«md an other like unto it at Durham, (see page 45) being buik 
with seven chains, must of course be allowed to be of a better 
kind than those erected with two only. 

Were the Chson Bridges erected of late in the United 
States the product of a new invention, the notorious defects 
contained in the system would remain the same. We shsA 
now attempt to point out, in a few instances, wherein they 
exist. 

It is an axiom that where a structure of any kind depends 
wholly on two parts, if one of those parts £ul, and the other is 
not fully competent to support the whole, a downfall must en- 
sue ; hence we infer there can be no security in a Bridge 
wholly dependent on two chains, fer the following obvious 
reasons. 

First, tlie sudden vftratory motion which is treated by even 
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an animal of small weight passing over these structures, i« 
sure to produce a friction sufficient to destroy the same in a 
abort period of time. 

Second, as every piece of iron differs more or. less from 
another in strength, by the superior soundness or fineness of 
its grain, so it is impossible to furnish a chain, the links 
of which shall be of equal strength throughout. 

Third, if the former position was possible, yet, as the 
strength of each Imk so much depends upon the goodness of 
the workmanship in the tempering and forming of the same, 
it would be altogether erroneous to assert that every link 
in a chain would be made alike sound. 

Fourth, could these two last objections be cancelled, there 
yet would remain another important truth behind, that must 
greatly conspire to prevent any sound calculation on the 
strength and durability of a Bridge constructed of chains; 
namely, the inequality of strain or longitudinal pull on the 
different links composing each chain. 

Fifth, may be added another important defect, attendant <m 
this kind of Bridge, namely, the natural and certain tendency 
that frost produces upon all iron, to make it brittle, and conse- 
quently to lessen its strength, derived by cohesion. If this 
be a fact, we may naturally infer that, were the chains for a 
Bridge made strong enough to carry all the weight required, 
in Summer, yet they are liable to break down with half 
that weight in Winter, and as it is also a fact that we have 
a right to calculate on double the weight being on such a 
Bridge in Winter, more than in Summer, through rain, ice, 
and snow ; then, quere, whether a Bridge of this kind, if it 
even possessed four times the strength it required in Summer, 
could in any wise be depended upon in Winter, while it was 
subject to the unfriendly embraces of an enemy so capable of 
effecting its destruction ? and as the breaking of one link 
would not only endanger the whole fabric, but, very pro- 
bably, utterly destroy it, how easy is it to prove that a 
structure so easily affected cannot be of long duration, and 
that) at the best^ they are but mere temporarj^ expedient^ 
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R E M A R K S« 

ON THE BRIDGE AT WANDIPORE.— -PAGE 49. 

* The construction of this Bridge differs widely from all 

4 

Others that are cited in this work. We shall make a few re- 
marks on its formation. First, that part of the Bridge, which 
is of the greatest span, is composed of four ribs, or arms, two 
on each side, one of which is inserted in every pier, each side 
of the door-ways, in the two abutments. Each arm is made 
up of four logs in depth ; projecting over each other in 
equal succession. The span between the two abutments is 
one hundred and twelve feet in the clear, which, if divided into 
three equal parts, would furnish thirty-seven feet four inches 
to each part, but allowing each side arm to project forty feet 
from each abutment, then the length of each log composing^ 
one rib will be as follows : The undermost log will project 
from the abutment ten feet, the second, or next, above twenty 
feet, the third log thirty feet, and the fourth log forty feet^ 
each projecting over his fellow ten feet. As the butt; end of 
each log is placed in the stone abutment, at an altitude of at 
least five degrees, they furnish a strengtli, for such a small 
distance as forty feet, far more than the proportion needed^ 
so long as the logs remain sound. And the historian from 
whom we have extracted the account in Page 49, informs us, 
that, at the period when he passed over this Bridge, it had then 
been erected more than one hundred and forty years ; though 
the logs were all of Fir. What a strange contrast with the 
Bridges of art erected in the United States of America! But, it 
is not too late, if we are not too wise to learn of the ancients, 
as far as they excel, how to build Bridges. We purpose in 
the sequel of this work to* show, that tliough the above Bridge 
does indubitably possess, from sundry causes, a considerable 
strength, for a plan so simple to furnish, yet that a rib of 
the same length, built on the author's patent plan for Bridges, 
with one sixth part of the timber here used, will not only be 
much stronger for its intended purpose, but will, also, be able 
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to cany triple the weight ; and as we shall have occasion to 
refer to this Bridge again more particularly in another part of 
this work, for the purpose of exposing the insolence of certain 
sceptics, we shall for the present decline any further observa- 
tions thereon. 

REMARKS* 

ON THE BRIDGE IN CHINA WITH A SINGLE ARC— >PAGE 53. 

* The account of this wonderful production of art, at first 
«ight, exceeds what may be termed the human probability of 
the day. The immense span, the awful height of this unex- 
ampled arc, must, of necessity! produce a grandeur in appear- 
ance somewhat resembling the great Builder's Rainbow. 
And it being built with stone must at once stagger the unin- 
telligent sceptic, and add one more to the number on the list 
of his impossibilities. But the author hopes to improve the 
Bubject of this Bridge also to his advantage in another part of 
this work. 

REMARKSt 

ON THE RUSSIAN PEASANT'S BRIDGE MODEL.«-^PAG£ 55, 

t Whether, in the year 1789, there existed so many half 
taught theorists and pretenders to science as now infest so- 
ciety, we know not; but it seems evidently proved, by those 
who undertook to describe the Russian peasant's model of a 
Bridge, that there was at least a sample to be found in those 
days. Hence, we observe nearly two pages of an octavo vo- 
lume taken up with a professed intention to describe the Rus- 
1^ sian peasant's ingenuity; but, alas ! all that can be understood 

by the relation is, that the man made a Bridge Model. This 
circumstance tends to prove the fact that many tourists, and 
others, who set about describing works of art, by the non-de* 
scripts they produce, very much resemble the conduct of three 
kinds of characiters, viz. ^a boy of dull capacity sem to a col- 
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lege to learn Latin, the captain of a dull-sailing ship, and a 
foreign ambassador, who has been a long time from hie own 
country. These persons all suppose, that when they arrive at 
home, their friends will expect to hear many wonderful things ; 
and perhaps the ambassador may have^some expectations of 
his being questioned about Bridges. An illustration of this 
bbservation occurred to the author when he first undertook to 
make known his invention to the public. Being invited to 
wait on a company of gentlemen in New- York, who were de- 
sirous of hearing the invention explained^ among the rest was 
a certain cunning ambassador, who, before the author could 
have an opportunity of disclosing the nature of the mystery^ 

Abruptly observed, " ah ! this is the very plan of a Bridge that 

I have seen erected in Germany. I can tell you, gentlemen, 
all about it ; it is made so and so, so and so, and so ahd so," 
added this wonderful sage, twisting his hahdfe about, and point- 
ing but the plan with his fingers! ! Here the author could not 
but lament that men who are called to fill e3talted stations and, 
who by their influence and affluence might cherish and promote 
the useful arts, should, by tlieir ignorance and arrogance often 
prove themselves the chief enemies of its welfare \ as the bridge 
this sage person referred to, had no more likeness to the au-. 
thor's Bridge than that of Caesar> as we shall hereafter dc* 
monstrate. 

B E M A R K 6« 

021 THB BEAUTIFUL BRIDGE OF THE RXALTO, AT TBKrCE. 

* it is sufficient to know that Michael Angelo planned thij» 
Bridge, to be convinced of its beauty. The masonry is exe- 
cuted in the best style ; and the material of which it is 
built, being native, affbrds more durability than if it were 
brought from afar, and in a gi^eatcr degree attracts the atten-i 
tion of intelligent artists. 

The Rialto is justly coniudered by travellers as one of th0 
greatest oraamfrnts rf V^c^. Wbcn vfewcji from fhc nmiaH 
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h Strikes the beholder with wonder, that a single arc of s^ 
^eat a span should support the immense weight of an entire 
street crowded with houses and passengers. It must be 
acknowledged, however, that if the Bridge of the Rialto had 
had the disadvantage of heavy waggons, carts, coaches, Sec. 
constantly rattling over its surface, like other Bridges^ there is 
no doubt but ere this it would have felt some of the diseases 
which are sooner or later inseparable from arcs of lateral pres- 
sure. 

n E M A ft K S * 

ON THE LATE BftlDGE AT SCllAFFUAVSEX. 

* There is a glaring incorrectness in the account of this Bridge, 
which I am astonished that so many travellers have repeated. 
That the carpenter of Appenzel might have offered to build 
his Bridge with a single arc may be true ; but that thexe 
could be any doubt, after he had built it with two arcs, whe^ 
ther it was supported by the middle pier or not, is an absurdity 
not to be equalled in the most tjrondcrful chapter of the won- 
derful magazine ) particularly as the bridge described an el- 
bow up the stream, and was sUre to fall if the pier had been 
taken away. Enlightened men have much cause to lament 
the weakness of those compilers, who, having obtained a cer- 
tain credit in society, dwell upon wonderful stories, like that of 
the Schaffhausen Bridge, with all the fondness of dotards* 

REMARKS* 

ON THE BRIDGE AT WETTINGEN, PAGE 60. 

* Much has been said by some writers on the excellence 
of tliis timber Bridge ; and we confess that a Bridge of this kind 
is far preferable to any built with piers or crutches ; but when 
the most is said in its favor, it still remains a bridge, whose 
strength depends on the lateral gnunof the timber, and can- 
not be so easily repaired as men have heretofore asserted ; 
especially the circular ribs, on which the whole fabric de- 
pends. A specimen of this Bridge maybe seen at Trenton. 
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REMARKS* 

ON THE CAST IROIf BRIDGES CITED I5f THIS WORK. 

* We conceive that Bridges erected with this sort of mate-^ 
rial, on a plan suitable for the valuable purpose, is well worthy 
the attention of those who wish to add durability to the 
strength of structures, that are of so much importance. 

The bridge at Wearmouth, no doubt, ranks first upon the 
list of bridges that has been erected with this sort of mate-? 
rials ; and it would be gratifying to those concerned in its wel- 
fare, if we could add, that it is now in as sound a condition as it 
was when first erected ; but the reverse is the fact. The last ac- 
count, received from respectable authority, states that it was 
then contemplated to make a ceintre immediately, to take it 
down before it fell down. The cause stated was, that the 
abutment on one side resting on infinn strata had sunk by 
the thrust which the arc by its weight had produced. This, 
with numberless other past instances, conspires to prove, that 
whether an arc of lateral pressure be built with wood, stone, 
or cast iron, it matters not ; if any part of the structure rests 
on infirm strata, it is sure to become a wreck ; which ful- 
ly demonstmtes that an arc of this kind is wholly unsuitable 
for a Bridge, 

It would be a waste of time and paper to descant further 
on the various absurd modes of Bridge-building, which 
emanate from the old system, where strength is made to de- 
pend solely on the lateral grain of timber ; and although many 
persons will, no doubt, deem it presumptuous in the author 
to make the assertion, yet he does confidently assert, and fears 
not he shall very soon be able to prove, that every other man*( fj 

ner of Bridge invented before the present day, whether the 
work of a Vitruvius or a Burr^ is but chaff or dross com- 
paratively with that of tbc author's invention. When prejut 
dice and infatuation can be overcome, and a proper encou^ 
ragement given to ingenuity and sound knowledge, the 
^'baseless fabrics" which are every year thrown over, op 
I'ather mro, our rivers, will vanish, and " leave not a wrecfc 
behind.** We shall only remark on pne Bridge morpf 
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REMARKS.* 

ON SCHUYLKILL BRIDGE PAGE 139. 

* This bridge will no doubt be allowed by all who have ever 
understood the fundamental laws of Architecture, to rank 
the first on the list of bridges in the U. S. on account of its 
strength and true symmetry ; and widely differs from those 
trifling, complex formations, that we witness erected in other 
parts, and yet yrhich are so much admired by some, as 
to obtaip from them the imfiortant name oi pretty Bridges: 
but we cannot stop to waste our time on these last unimpor- 
tant fabrics, but mijst hasten with regret to observe, that 
though the Schuylkill Bridge be justly entitled to the 
aforesaid preeminence, yet the dire defect attendant on all 
pridges with piers and arcs of lateral pressure, it is said, has 
made some small impression on this expensive structure. 
But we earnestly hope, for the encouragenient of those con- 
cerned in the welfare of this Bridge, and who by their perseve- 
rance, in the first instance, accomplished the bold cntei-prisp 
of its erection ; daring to surmount every obstacle to the final 
attainment of their wishes. For the sake of such persons alone 
we hope the fjibric may not in apy wise prove ruinous, as to its 
strength, till they have in some good degree realized a re- 
turn of their capital with an interest suited to reward such 
spirited exertions. 

Such men, as the " Schuylkill Bridge Company," have 
proved themselves to be, jire alone suitable to carry into execu- 
tion great plans. 

We shall now leave, for the present, any further remarks on 
^e different Bridges described in this work ; and proceed to 
the illustration of a more important invention for Bridges, 
t^ap has ever before been recorded in history. And the authpr 
has no doubt of proving to the satisfaction of those to whom 
this work is dedicated, and who are alope worthy of the in- 
formation it may afford, that this his invention for Bridges, 
does not only possess all apd every the rec^ui sites suitable to 
prevent the failures attendant on all other Bridges through 
the defective mode of their construction, but also furnishes 
piany other importsoit adva^tages Diever befprc re?iliz ed in any 
Jiridge, 
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INDEX 

OF THE TECHNICAL NAMES 

OF EACH PART BELONGING TO 

T. POPE'S FLYING PENDENT LEVER BRIDGE, 

ALPHABETICALLY ARRANGED. 



[A.] THE FULCRUM. 

(Plate 1, fig 1.) In a kverofthe first order is the 
part called the Fulcrum, or prop, on which point also 
the Bridge would pivot, or turn, were the abutment 
of lesser weight in proportion to the projecting ana, 

[B.] THE WEIGHT 

(Plate 1, fig 1.) In a bar or beam, wholly-balanc- 
ed on the fulcrum A, would be termed tlie weight : 
but, as the abutment of this Bridge is supposed to 
rest regularly on the land from A to B, so the whole 
length of the abutment is to be considered as comr 
posing the weight. 

[C.] THE POWER 

(Plate 1, fig. 1,) Is the part, in a crow-bar, as a 
lever of the first kind, where the hand is applied, 
and would be called the power ; but as the whole 
of the distance from the perpendicular of A to C 
is the part which makes up the arm of the Bridge, 
so in like manoer, by its extra length, it become:j5 
the power. 
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[DDD.] THE CAP PLATES 

(Plates 1 and 2) are the cap-plates for the top of 
/each rib, composed of sundry pieces of timber 
spliced and tabled together, and are of such mag. 
nitude as the extent of the Bridge may require, 

[ E E E,] THE HORIZONTAL LEVERS 

(Plates 1 and 2, fig, 1, and 7,) are the horizon^ 
tal levers, which are also termed longitudinal nee- 
iffles, as they pass in the interior of each pair of an- 
gidar levers, and are of such number and magnitude 
in each rib, as the extent of the Bridge may re* 
qttire. 

[FFF.] THE ARCHIVOLT RAILS 

(Plate 1, fig I and 2,) are the archivolt (or soffit) 
rails, which are placed at the bottom edge of each 
rib, spliced and tabled like the cap-plates at D, and 
are of such magnitude as the extent of each Bridge 
tnay require. 

[ G G G.] THE ANGULAR LEVERS 

Plates 1, and 5, fig, !• G and R,) are the angu- 
lar Levers or Voussoirs. These perpendicular logs 
are to be framed in bents or pairs, as they support 
and enclose the longitudinal levers by resting in 
each other on their end-grain tu sks, cut out of the 
splid timber. 
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[H.] THE IRON CHAIN BANDS 

(Plate ly Fig. 3) are the Iron Chain Bands to (asw 
ten the angular levers together, as they are low^recji 
down from off the top of the Bridge in buildiQg, 
and by which means also the Bridge is e^y k^ 
paired* 

[I.] THE RESTING-PLATES 

(Plate I, Fig. 3) are the end-grain restii^ pl^sr 
of the angular levers, on which the abpve chain- 
bands are fastened. 

[K*] THE CHAINPLATES 

(Plate 1, Fig. 4) are chain -plates, iiitended for 
s(:rew-bolts, that may, in some cases, be used instea4 
of the above chain-bands and keys, or where thp 
said chain-bands will not suit, such as for cap-plat(;9 
^nd archi volt-rails. 

[L] THE SCREW BOLTS 

(Plate 1, Fig* 4) Screw-bolts and nuts for the 
same. The above chain-plates, and bolts, tha;t pas$ 
through the angular levers, may be taken out, anc(. 
locust trunnels mserted in their stead, when the two 
arms of Bridge are united in the centre. 

[M.] THE BUTTRESS TIES ,) 

(Plate 1, Fig 1) Rear Buttress Ties, which are 
to prevent the weight of the projecting arm frond 
lifting partially any part of the stone abutmemt. 
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[NNK] . THE DECK BEAMS 

(Plate 2; Fig. 6 and 8) Are the deck Beams, oii 
which the longitudinal deck or floor is cogged dowrt 
and secured ; and by which the circular l^hape of 
the outside ribs is regulated. 

tOOO-] THE CARRIAGE DRIVES 

(Plate 1 and 2, Fig. 6 and 2,) are the spaces al- 
lotted for the can'iage drives, when it is intetided that 
the wheels shall run on iron skids, to save the deck. 
These are secured by fenders of whole timber partly 
rising above the deck, by the sides of which the 

said cast*iron skids are affixed, for the wheels of 
carriages to run on ; also, the said carriage-drives to 
be covered with rough plank, for the horses to tram^ 
pie on, to save the lower deck. 

[P P P P P P.] THE CARRIAGE FENDERS 

(Plate 1 and 2, Fig 6 and 8) are the aforesaid car# 
riage Fenders, which, by being cogged down on the 
deck*beams, afford a longitudinal tie. 

CQQQQ] THE t'OOT PATHS 

(Plate 1 and 2, Fig, 6 and 2) are the bverhanging 
CSrallery Foot-Paths, placed on the outside of the 
ribs, and supported by the projecting ends of the 
deck-beams, on which each log that composes the 
fbot-path, on each side of the Bridge, is tabled to- 
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gether and cogged down like the carriage-fenders at 

P, P, P, P, P, P. 

[R S T U Y.] SIGNS OF DISTINCTION 

(Plate 6, Fig 1) are signs of distinction, to illus- 
trate, by the laws of the inclined plane, in what pro- 
portion the gravity of the angular levers in the buil- 
ding of each arm presses back towards the abutment 
from whence they sprang ; also what portion of that 
gravity rests on the end- grain of the said angular 
levers. 

[V,V,V,V.] THE STANCHEONS, 

(On Plate 1, Fig. I and 2) are the stancheons in 
the section of a roof that may or may not be added 
to a Bridge on the author's plan, formed out of and 
belonging to every king-bent, or sixth angular 1^- 
ver, forthe purpose of supporting the purlin-plates^ 
on which the rafters of the roof are to rest ; conse- 
quently they stand at the same angle with the angu- 
lar bents or levers. 



[W.] THE ARCHIVOLT SPAN BEAMS. 

(On Plate 1, Fig. 2, 9 and IO)are the Archivolt 
span beams, which may be of the form of a double 
isosceles wedge, as Fig 10, or that of a prism, as 
Fig. 9, in either shape, one half the quantity of 
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timber will furnish the fuU s^ength of a whole 
square beam, to carry its OAvn weight, for the length 
required ; the upper and under sides of each figure 
being placed parallel to the horizon. 

[X.] THE ITRANSOM BRACES. 

(Plate 1, Fig 2) Internal transom braces and king- 
post props to the deck-beams. 

[Z.] THE OBELISK. 

(Plate 1, Fig 1.) A stone obelisk for an abut- 
ment, in the interior of which are sundry timbers 

and bars of iron, to connect and tie the whole to- 
gether. 
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MATHEMATICAL DESCRIPTION 

OF THE 

MiYIKG PENDEKT LEVER BRIDGE, 

INVENTED BY THOMAS POPE, 

\RCHITECT AND LANDSCAPE GARDENER, NEW-YORK t 

PATENTED 

BY THE UNITED STATES OF AMERICA. 



PROPOSITION 1. 

The PRINCIPLES, SHAPE, CONSTRUCTION 

and EXTENT of tliis Bridge differ wholly from all 
others before invented ; and it may with pro- 
priety be termed, a Flying, Pendent, Lever Bridge. 

SCHOLIUM. 

First, because the arms of this Bridge spring from 
the abutment on each side, and extend over a river or 
space, till they meet in the centre, and form one single 
arc, without ceintres, or support of any kind, while 
building, save the abutments from which they spring. 
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Secondly, They fly out and are suspended in the 
air. Thirdly, they hang or jut over. Fourthly, 
they are supported above the ground. 

NOTE. 

These terms are to be understood, as chastely ap^ 
plying only to this sort of Bridge in particular, as it 
differs wholly from the ancient military flying 
Bridges, which were constructed of pontons, leather 
boats, beams, hollow casks, blown bladders, and 
the like, commonly called />ow^ volant^ or pofis due- 
tarius. 

P R O P. 2. 

PRINCIPLES. 1st, The principles of this 
Bridge, as a whole, are founded on the Lever, No. 1. 

SCHOLIUM. 

Each half Bridge, before it is united in the centre, 
is to be considered one body ; then the fulcrum, or 
prop, if it were intended to move, would be be- 
tween the weight, which is the abutment, and the 
power, which is the projecting arm of the half 
Bridge. 

COROLLARY. 

Therefore the abutment, on all occasions, must be: 
of such weight as will be more than sufiicient to 
counterpoise the said projecting arm while building, 
and also all the men and materials employed in the 
erection of the same. 
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PROP. 3. 

2nd, The manner in which the arms of a Bridge 
on this plan are constructed in the internal part also 
constitutes each rib distinctly a compound lever of 
the first order, with continuity. 

SCHOLIUM. 

The above proposition is obviously true, whilst 
the arms of the Bridge, which are finally to compose 
the arc, remain disunited in the centre ; as every 
last pair of angular levers lowered down on each rib, 
in the building of this Bridge, by their gravity, not 
only contributes to the locking back, and perfectly 
securing those logs or levers previously added, but 
they furnish also new fulcrums or supports for the 
succeeding levers to rest on : (see plate 1, fig. 1, at G. 
also plate 5, fig. 1, at R) but as soon as the arms of this 
Bridge are united in the centre, then the said levers 
are wholly relieved from that gravity which before 
constituted them in action. But although this be 
the case, there cannot ensue a lateral pressure horn 
the abutment to the centre, as exists in all other 
arcs, for two obvious reasons: first, the two arms 
and the two abutments of the Bridge are now become 
one perfect whole. Second, they are tied together, 
longitudinally, by more strength than their o\fn 
weight could tear asunder perpendicularly. 

COR. 1. 

Hence, were it not the fact that a space or vacuum 
did exist in the joint between each log at this period, 
instead of a medullar)'^ substance, the whole might 
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be then well compared to an arc cut out of the end 
grata of one hnmense log of timber : as each of the 
k^ composing the whole of an extended arc are so 
tabled or indented into each other, that no one single 
log can of itself move out of its place. 

C O B. 2. 

Therefore it cannot be true, in any degree, that 
either the arms, distinct, or the arc, as a whole, depend 
in any measure for strength, or can derive any essen- 
tial support from their being united in the centre, as 
must be the case in all arcs on the old plan of lateral 
pressure. 

For the only advantages to be derived from suck 
an unity in this plan is, first, the preventing that vi- 
bration which the gravity and motion of bodies 
create in passing over any extended arm ; secondly. 
By the unity of this Bridge in the centre, the arcs on 
the sides thereof, which are perpendicular to the hori- 
zon, are perfected. This last article is a valuable ac- 
quisition in the author's Bridge, and not possessed 
by any other. We shall explain it more particularly 
under our next proposition. 

PROP. *. 

SHAPE. The external shape of all Bridgeson this 
invention will of necessity be as various as the sites 
on which they are required to be built ; and will also 
diifer widely hi this respect from all other Bridges 
heretofore invented, especially as security against the 
extra pressure produced by wind and tempests is 
hereby furnished* 
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SCHOLIUM. 

The shape of Bridges on this plan, that are re- 
quired to be built in exposed situations, is regu* 
lated acccwding to the exigency of the case, in the 
following order. 

R U L E. 1. 

!• If the foundations for the abutments on either 
shore should be unsound, then the under part of the 
said abutments must be concave, either in an elip- 
tical, conical, or spherical form, according to cir- 
cumstances. See foimdations, plate 4. 

2. 

According to the degree of infirmness in the said 
foundation, so will the width of the lowest part of 
the abutment be increased ; such increased width to 
be lost or expended perpendicularly in a battering 
concave circle, on the external sides of the said 
abutment walls, by the time they are erected to their 
full height ; or the said extra width may be lost gk 
diminished in the side buttresses thereof, where 
they occur. 

3. 
The abutments in such like foundations as die lart 
mentioned may be built in various forms, suited to 
the requirements of the local situation, one of 
which may be on the plan of two plane triangled 
stone pyramids on each shore, the bases of each to 
be concave, on the under side thereof^ to a.. x:ertain 
height. See plate 5, fig 1. 
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4. 

Where a Bridge <m this sublime plan is required 
to be biiilt in or near a commercial city, then the 
abutments may profitably be appropriated to so 
many warehouses, stores or even dwelling, houses, 
as the walls requisite to furnish gravity for the coun* 
terpoising of the arms will allow. See the eastern 
abutment of a Bridge represented over the Hudson, 
in the Frontispiece of thb work. 

5. 

The importance of the shape of this Bridge is 
particularly illustrated in the side arcs of that part 
which extends over a river by which seciuity is 
furnished against the pressure which the wind and 
tempest often produces. 

The degrees of brace necessary to a Bridge of 
vast extent, on this plan, built in the most exposed 
situation, need not exceed a segment of a circle, the 
versed sine or conjugate diameter of which is one 
to twenty : but there are few situations wherein a 
Bridge of this kind would require so great a brace ; 
as it is so compacted together in its own formation 
as to render it capable of resisting a vast pressure 
was it even on the old plan of parallel width from 
end to end. 

6- 

The next interesting part we shall describe, 
is the various forms which the spacious vault of 
these Bridges may be built on. And first the au- 
thor would observe, that he is in no case confined 
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I to any particular shape ; but tile most favourite forrti 
I for an extended arm to be framed in, is that of an 
[■ isosceles M^edge, extended from each side, the small 
1 ends of course joining in the middle, terminating 
I towards the fulcrum witli intersecting circles of dif- 
I fcrent rudii, according to the proposed height tlic 
I archivolt is intended to finish above the wliarf ; en- 
t ding finally with a scroll, see plate 5. fig 1, which when 
f completed is sure to furnish a grand parabolic 
I fare. But, as the sine and co-sine of the arcs of 
Bridges on this plan will differ according to their 
, various ^tuations, so also will the form of the arc of 
[ each Bridge be diverse from each other. 
P B O P 5. 

CONSTRUCTION. The mode of construct- 
ing a Bridge on this important invention is, perhaps, 
I the most singular, and also the most simple, of an) 
that has ever entered the mind of man. We shall 
illustrate its peculiarities in the following order. 
PRELIMINARIES. 
First. A Bridge on the principles of this invention 
may be erected ivholly of timber, or of stone, or of 
cast-iron, without ceintres or support of any kind, 
while building: but each Bridge will be subject to 
a different shape. 
I Second. A Bridge on this plan may be erected 
bf any altitude required, as also mth or without a roof. 
Third. The abutments of this Bridge, m appro- 
priate situations, may be erected with warehouses, 
stores, or dwelling-houses, that would pay M'ell for 
the expense of their building, in a short time. 
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Fourth, The front pedestal ot wharf to the 
Bridge is so constructed as to furnish a grand accom-» 
modation of shelter to the landing of costly goods 
from shipping, that are intended to be housed in the 
warehouses* 

Fifth. The arms of a Bridge on this plan, if 
built with timber, are also so constructed, that eadi 
part can be repaired with greater ease and less ex- 
pense than any other regular built Bridge hereto^ 
fore invented* 

Sixth* The timber in those parts which form 
the stamina of this Bridge are placed in so advantar 
geous a position, tliat, agreeably to the laws of nature^ 
it cannot decay so soon as the timber in other 
Bridges* 

Seventh* A Bridge on this plan, not hating a 
roof, may,, on any emergency, be disunited in the 
centre, forty or fifty feet^ or more, in the space of 
four OT five hours, and, at a future period, be repla- 
ced as before, without the addition of new timber. 

Ei^th. The arms of this Bridge are built with 
as many ribs as the extent and situation demand. 
If the situation be much exposed to strong wind 
and tempest, and the extent be also great, then the 
Bridge is supplied with a hrsLce suitable to with- 
stand its force ; which brace is acquired on all oc~ 
casions by an extra width being added to the abut- 
ments, and which width is lost or diminished to 
the centre of the Bridge, by a concave segment of 
a circle, back to back. See plate 3, fig 1* The 
length of the deck and archivolt span-beams being 
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L Aerefore wholly dependent on the extra width oF 
I the Bridge at the abutment, the number of the ribs 
I to cacli Bridge will also of necessity be regulated 
by tlie same cause. Therefore, if the \vidth of the 
arms of the Bridge at the abutment exceed from 
thirty to forty feet, then there must be three ribs to 
. each arm ; if more than sixty, then four ; if more than 
L eighty, then five ribs. Buttlie extra width of the 
[ abutment, which is alone for the procurmg a brace 
to the flying arm of the Bridge by an arc on each 
; side, perpendicular to the horizon, will m no in- 
stance affect the width of the Bridge at die centre j 
as that will invariably remain the same, and need not 
I on any occasion exceed twenty-eight feet. No 
■' Bridge on this plan will be materially stronger, oi\ 
, account of an extra number of ribs, as the strength 
■will always be proportionate to the strain. Every 
'lib built of timl}er is made up of two logs or thick- 
nesses. 

Ninth. A bill of scantling for the timber of a 
Bridge on this plan being first ascertained according 
to the rule laiddou-n in this work, for all Bridges 
not requiring a greater altitude on the upper sur- 
fece of the structure dian four and a half degrees, (sec 
schedule of bills of scantling for Bridges), the 
logs are be^vn to tlieir size in the forest where tliey 
are procured. If a Bridge is to be built with two riljs, 
then eight logs must be of one size. If three ribs, 
, twelve ; if four ribs, tlien sixteen, and so on in suc- 
cession ; being four logs of one size to each rib. 
throughout the Bridge beginning at the shortestlengtli, 
which, for all Bridges on this plan, is six feet neat 
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when framed. We shall now, for the sake of perspi- 
cuity confine ourselves to the illustration of a Bridge, 
the anps of which are supposed to be built with two 
ribs of timber, and the abutments of stone ; being the 
materials most eligible, for the purpose in this coun-. 
try, in the present state of arts and sciences. 

Tenth, The length and number of the first set 
of angular levers for the centre of a Bridge being 
described in the preceding preliminary, we now 
proceed to show that every succeeding set of logs, 
for nine tenths of the distance from the centre to 
each abutment, which is to be used in the same 
order, will be increased in length, one inch to a foot 
of the breadth of the end of said logs on the line of 
the archivolt ; being the proportion of the isosceles 
wedge, or form fixed on for an arm of the degrees 
of altitude first mentioned. But the logs making 
up the remaining tenth part of the length of the arm 
next to the abutment will be increased in their 
length more suddenly on account of the eliptical 
eye of the arc which forms a parabola of handsome 
appearance and important strength. See Plate 5, 
fig. 1. 

Eleventh. Every timber rib is made up of two 
thicknesses, as before remarked, whereby the hori- 
zontal levers, E, E, E, on Plate 1, fig, 1, and Plate 
2, fig 7, are inclosed in the internal part thereof. 
The thickness of each rib at the abutment is three 
feet (if the length of the arm be one thousand), or 
us much as the largest logs that are sound will 
pverage, the thickness of the extreme end of each 
i}\j ^here they join in the centre of the Bridge is 
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me foot neat, the whole length diminishing; from 

iie abutment to the said centre, in regular grada- 

Two logs, on all occasions, being hewn exact 

i one size for each semi-rlb. The thickness of 

iie cap-plates D. D. D, on Plate 1, fig 1, and Plate 

r 6, are the same thickness as the top edge of 

ach rib from end to end, except where the Bridge 

s a roof, then they will be of greater thickness, as 

3ie stancheons of said roof will always pass through 

iiem. The archivolt rails F. F. F.on Plate I, fig 1, 

md 2, are also of the same thickness as the under edge 

I'of the rib, except as above mentioned. The thickness 

»f the horizontal levers E, E. E, on Plate 1, fig 1, and 

plate 2, fig 7, are upon all occasions full one third 

tlie thickness of every rib from end to end, but 

[he depth thereof is regulated by the magnitude and 

pxtent of the arm. 

From this last, and the two former preliminaries, 
it may clearly be seen that a bill of scantling for 
I the timber of a Bridge on this plan may be easily 
I Supplied ; as it furnishes a greater variety of dimen- 
Tsions than a bill for any other formation could afford. 
ITIic length of the shortest pair of logs for each rib 
fttfever need exceed six feet, by eight inches tliick, 
Itifnd whatever width any two may be found to ave- 
From this size every succeeding pair of logs, 
It^ levers, throughout the arm of a Bridge, be the 
pestent ■what it may, ivill increase only one inch hi 
. the whole length, to a foot of the breadth of the 
end of said log, on the hne of the archivolt, as spe- 
cified in the tenth preliminary'. 
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T^velfth. The carriage-drive over a Bridge qd 
this plan may be either on the top of die structiu^ 
or between the ribs. In the latter position, if it be 
covered with a roof, the deck towards the centre 
wiU hang below the archivolt, or soffit of the arc^ 
suspended by stirrups. This deck or floor will be 
partly of thick plank and pardy of whole timber* 
But the deck which is level with the top edge of the 
ribs must be cogged down on each beam throu^iout 
the arm, by which a strength is added to the longu 
tudinal tie ; far exceeding all that could be need* 
ed^ were each arm of the Bridge wholly dependent 
thereon. 
Having designated certain circumstances necessary 
to be accurately ascertained, previous to the com*^ 
mencement of the particular and final modelling of 
^each part of the Bridge, prior to its erection, w^ 
shall now commence our operations in the field, on 
tiie site where the Bridge is proposed to be built. 
The materials suitable and sufficient for the struc- 
ture being collected on the spot, the first thing of 
importance to be considered is a suitable founda- 
tion.* 

* This is a subject very litUe explored at the present day 
by builders in general, and consequently as little understood ; 
it being considered by the unskilful part of that profession, 
as an idle nicety, not worth their attention : therefore it fol- 
lows that they are perfectly unacquainted with any remedy 
whereby to prevent the sinking of a heavy structure through 
the unfavourable dispersion of the infirm strata on which the 
fabric rests, or the direful eflfects of inclined planes when 
csilled to build under water. 
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As to the subject of foundations, whether for 
this or any other sort of Bridge, or building, it mat- 
ters not ; one fact nill be alike certain, namely tliat 
different situations produce, in general, different de- 
grees of sound or unsound strata, ^vhich at times 
the architect is obliged to build on. For instance, it 
often occurs that one side of a river supplies a 
foundation of solid rock, while the opposite shore, 
is nothing better than a bed of soft mud or a bank o£ 
loose sand, to build on ; which from time to time 
I has been drifted from some neighbouring part ot 
( Ae river through a change of the current, or some 
■ Other cause or causes incident to rivers, especially 
ihere the cliannel thereof is crooked. The incapa- 
ftlity of such infirm strata affording equal resis- 
Bice to the pressure, which buildings by their gray- 

I This subject being among the number of valuable conaiiler- 
nhicli the author's attention has long since been called 
S explore, he intends to dilate more fully on tliis subject 
intemplatcd treatise on civil and marine architecture, 
including the practice of landscape -gardening suitable to this 
country, as also tlie best and only sure plan of making sound 
turnpike-roads over bogs, or unsound strata, and which plan 
[■ te doubts not will, on the first trial, seal the final reprobation 
I -Sf those unskilful and expensive methods, which have so long 
\ ^en in practice amongst us. One of these sorry schemes has 
Bcn tried for many years, to the injury of the public, across 
6 swamps on the road from Powlcs-hook to Newark. In the 
itise the author will include an entire new and interest- 
ing plan for Canals, on a more simple construction and perfcc- 
^tion of strength than any heretofore suggested, and shall as 
e hinted point out particularly the nature and tcndencv oj" 
different infirm strata, as also same sure remedies furntirhrtl 
atone by an and experience. 
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ity must furnish, imperiously call for the interference 
of art, to make up the deficiency that nature irt 
this instance has produced. The author has by 
this his proposed plan done away the necessity in 
general of building any part of the abutments of a 
Bridge on said plan in water, and by which circum- 
stance lune tenths of the difficulties, and also the 
expense, that in general occurs, in the erection of 
the abutments and piers of Bridges on the old delu- 
sive plan, is totally avoided. But he is also aware 
that some particular local circimistance may occur 
which may render it somewhat impolitic to build the 
abutments of his Bridge wholly out of the watery 
according to his first wish and intention. He 
therefore considers it of no small importance, that 
a remedy in every way suitable be provided, where** 
by the sdd abutments may be erected even in si- 
tuations the most un&vourable, with far greater 
certainty, and speed, than any other heretofore 
built on the usual plansr 

PROP. 6. 

(Plate 4, fig 11, and 12, is the section of two 
abutments for Bridges on the author^s improved 
plans for building on infirm strata, either in or out 
of the water. Illustrating by two examples the 
shape suitable to the under part of abutments resting 
on different degrees of infirm strata^ that shall 
be equal to prevent either abutment from sinking 
more, than may be previousliJr ascertained, by de^ 
Tftonstrative rule. 
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SCHOLIUM, 

The concave arcs, suited to the under part of 
^ch abutment of the diflPerent Bridges, will vary 
according to the defects evident in the foundation. 
Some will be most suitable, if in the shape of a con- 
cave segment of a circle, as at E, on Plate 4, fig 11* 
Others will be preferable in an eliptical form, with 
more concave arcs than one to each abutment, as at 
N N Nk on Plate 4, fig 12. Others again will accom- 
plish an equal security, by t4ie under part of the 
abutment being in the form of a concave groined 
arc^ suited to a stone pyramid, see Plate 5, fig 1. 
And for an abutment in a spherical form, no shape 
more appropriate to the grand object than a hollow 
concv The side belts of these arcs, where they ar& 
used as at P P, P P, P P, Plate 4, fig 11, and 12, 
are for the express purpose of detaining and com- 
pressing so much of the yielding strata as may be in- 
closed immediately under the abutment, but which 
upon the old plan of level foundations was sure to 
escape in a horizontal direction, and be dislodged 
from time to time not only by the gravity which 
the building afforded, but also by the ground scour 
which the various currents in rivers often produce ; 
and which also must inevitably make way for the 
constant sinking of any structure thus situated. 
But by the plan now proposed, the infirm strata is 
sure to be so compacted together as to be capable 
of resisting the pressure of any propor^onal w^hjt 
that mav be laid thereon. 

* 

^8 
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EXPLANATION OF ) PLATE 4. 

[D.] on Plate 4, fig 11. Is an mvertcd are 
built between the side Avails of abutment with its con- 
vex side downwards and its spandrel springings ter- 
minating in said abutment walls, by which the pressure 
that the gravity of the structure affords is regular- 
ly dispersed through the whole internal space of 
ground occupied by the aforesaid abutments. 

[FF.] Fig 11. Is the external side buttresses^ 
which tie the stone or timber walls of abutment toge- 
ther and prevent their being separated partiallyby the 
power of the projecting arm as has been before de- 
scribed. 

[ G.] The apertures in the front abutment walls 
for windows and doors, where the vacuum thereof 
is appropriated to the use of warehouses or any other 
purpose. 

[ A.] The carriage drives under roof. 

[ B B.] Foot paths under the same 

Plate 4, fig 12^ is a section of the abutment of a 
bridge without a roof* 

[ K K.} Are two spires of the foundation of whiclx 
are intended by their additional diameters to afford 
strength to the fulcrums oi' props to the arms of 
Bridge. 

[ L L.] Are the abutment walls that pass through 
the said spires, and to which the ribs for the arm 
of Bridge are united. 

[ I.] Shews the section of the cross beams and 
accompanying braces thereto. 
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[ H.] Is a covered path in the centre of the Bridge 
for foot passengers. 

MM.] Are the carriage drives with skids for 
wheels as described in Index.' 

P R O P 7. 

The building of the stone abutments and the 
framing of the timber arms for a Bridge of this 
kind commence on each side of the river at one 
and the same time ; so that, by the period the abut- 
ments are completed, the timber arms are also 
ready to be lowered down ; and as the whole of the 
ribs are first completely fitted and put togetlier on 
the field, a vast extended arc mav be erected in a 
very short space of time. 

SCHOLIUM. 

The under part of the abutment being framed 
suitable to the foundation on which it is to rest, 
an oak skeleton of a suitable form is secured to 
the ground cradle in a perpendicular direction, see 
Plate 6, fig 3, which timber skeleton is intended to 
tie the whole of the abutment together ; and is to 
be walled up in the masonry of the inside of the 
said abutment. Thcrc are also buttress-ties in 
the rear of the abutment, as at M, on Plate 1, 
fig 1, for the like purpose of preventing the weight 
of the projecting arm, when erected, from lifting 
partially any distinct part of tliat abutment. The 
whole of the abutments of a Bridge may be erected 
complete, before any part belonging to die timber 
arms need be inserted — The stone- work of said 
abutments to be carried up in courses, and each 
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course grouted with cement and gravel. The 
mortar to be mixed and ground in a wcxxlen 
mill of simple construction, made for that purpose, 
whereby a better cenient will be furnished at a far 
less expen3e, — :A ^evel sur&ce near each abutment 
being procured, a blocking is raised about three feet 
high from the ground, to afford an opportunity of 
ascertaining the accuracy or defects of the under 
side of each rib while framing ; this being done, a 
mould qf the exact 3hape and size of the intended 
ribs is then fastened on the said blocking, by which 
each rib is accurately moulded. When the whole 
of the said ribs are completely fitted, and every 
appertenance thereto ready for fixing to the abut- 
ment, then, the first parts are taken asunder and 
carried to their respective stations, on rolling skids 
prepared for that purpose. We shall next explain 
how the arms of the Bridge are to be built. 

GEOMETRICAL ELEVATIONS AND PLAN 

OF T. pope's lever BRIDGE IN BUILDING, PLATES 1, 2, 8c 5. 

These fully demonstrate the simplicity of the 
construction of a Bridge on this plan ; and also 
of the mode in which it is erected. — The first ope- 
ration after the abutments are completed, in the 
commencement of the erection of the arms, is to 
fix in the abutments the first length of the hori« 
zontal levers, E E, on Plate 1, fig 1, in the two 
middle sockets, made for them at L L, on Plate 
4, fig 12, and C C, on Plate 4, fig 11.— The next 
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step in order is, to fix the archivolt or soffit rails 
F, on Plate 1, fig 1, in the lowest sockets at C C, 
and L L, on Plate 4, fig 12, iind 11, these being 
secured by the means provided, namely, by certain 
keys and wedges in the internal parts — 1'he next 
thing to be done is to commence lowering down 
the angular or upright levers at G, G, G, on Plate 1 
fig 1, and 2, also at R, on Plate 5, fig 1, which 
form the ribs of the Bridge. When a sufficient- 
. number of these voussoirs are lowered down, and 
I secured in their places, either by the iron chain 
j bands and resting plates, as at H and I, on Plate 1, 
['fig 3, or by chain plates and screw bolts, as at K. 
|,L, on Plate 1, fig 4, or by locus tnmnels and string 
I pieces, or by any other means, so that the whole 
\ Width of the logs lowered down exceed in distance, 
t from the abutment, the length of the first pieces of the 
cap-platesD. D. D, on Plates I, and 2, fig 6 and l,as 
rat A on plate5,figl, soasnot to hinder thesucceeding 
logs from being added,thenthe said first lengths of the 
cap-plates may be fixed in their stiitions in the abut- 
ments and the buildingof the arms may proceed in the 
same order, till the whole are lowered down, and the 
arms completed, and united in tlie centre. The deck 
or floors to the Bridge are laid imd finished as the 
arms on each side progress ; but if a roof is to be 
added to the Bridge, then that may be erected 
aftcr\vards. Every fourth, fifth, or sixth pair of 
angular levers to be distinguished by the term of 
king-levers, or king-bents, as by their ha^'ing a 
tenon formed at each end. ivhirh lodges in the 
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cap-fisus Li the top, sod the aichnnoh lails ai the 
bactocn edge oi each rib, ihc oiieniiediaie levels^ 
AT queea-faeots, srt wfaoHr defended from any 
mon: pressure than ts fdrmsfaed br the action of 
their onm g7:ii\iiy. in their si2tinn. We shall Do^r 
treat oo a mode of deience. provided against the 
fFcssxsrt OR tiie timber ; which some of the tfaeonsts, 
of the present day, who understand the nature of 
timber besu by tiie fruit it bears, are so much 
alarmed about. ^ 

A kind of chymicii process, or philosophy by 
fire, may be said to pass on the end-grain rests of 
the angular levers in each rib. on ceruin occasions ; 
wherebv a vast suen^h is added to the timber 
composing the arm of xht Bridge. 

If, in the election of a Bridge of vast exteut, 
the timber selected for the purpc»e should be 
wliat is termed green, or unseasoned, then, the 
iror* resting.plates as described at I, on Plate 1, 
fig 3, for the end-grain rests, or tusks, (ch- some 
other single piece of iron made for that purpose) 
is made red hot, so as to soxcb or bum up the 
sap or vegetable acid, in the said rest, to a certain 
amount, v/hich htII accomplish two valuable pur- 
poses ; first, it will condense and harden the end- 
grain of the timber, whereby it will be better able 
to resist the pressure which the portion of the 
weight allotted it will furnish. Second, by the saj> 
being dried out of these parts, the iron resting- 
plates \vill not be so liable to corrode. And as 
the author {»*oposes to use sheet-iron, in general, for 
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his resting-plates and linings, particularly for certain 
parts intended to prevent a compression of the tim- 
ber, the less vegetable acid or sap the better. But 
this valuable precaution will only be adopted In 
Bridges of vast extent. We now proceed to state 
that the cap-plates and the archivolt-rails are 
also secured at the top and bottom of the rib to 
the angular levers, by chain-plates and screw-bolts. 
Fig 2, on Plate 5, is a common lifting crane, by 
which the logs may be lowered down in succes- 

• 

sion, on the end- grain rests of the angular levers, 
or inclined plane, from A to B. But fig 3 repre- 
sents a Lever Jack (as that is the name the author 
has fixed on this machine, it being one of his own 
invention.) The arm of this lever is made but of 
a number of pieces of timber, and is of simple con- 
struction and great strength. T. is the frame in 
which the weight called the regulator traverses. K. 
the regulator and winch. The mode of hoisting 
and lowering a log with this machine is far more 
simple and safe, as also of less expense than any 
crane heretofore made use of, as the strength of a 
child of twelve years of age properly applied is 
sufficient to hoist or lower the heaviest log requir- 
ed in a Bridge, whereas it would take two strong 
men at least to perform the same, task with a crane 
on the former construction ; but as this makes up 
no essential part in. the author's Bridge, we shall 
pass on to an explanation of the nature and use of 
the other figures contained on the Plates first men- 
tioned. 
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Fig 4, on Plate 5, represents one of the lad-» 
ders, or enclosed stairs, which are placed on each 
side of each rib while building, for the workmen 
to ascend and 'Ascend upon, to secure the logs 
as they are lowered down on each rib ; and wWch 
is the only scaffolding needed in the erection of 
the arms of a Bridge on this plan. Its construc- 
tion is like unto a loose flight of stairs, secured 
to the sides of the rib, by iron lever spanners, 
which are shifted forward alternately as the logs 
are lowered down, till the whole of the arms are 
completed. The treads and risers are let into 
the sides or string- pieces of the ladder, and an iron 
hand-rail is fixed from the top to the bottom, to 
wluch is fastened a rope-netting on the outside of 
each ladder, with an extensive netting also at the 
bottom, lined with canvas, to receive either men or 
tools, that may by accident fall from the work. 

PROPS. 

Fig. 5, on Plate 5, Is a diagrairi on the saxnt 
principle as a parallel ruler, belonging to a case of 
drawing instruments, and which is sufiicient to 
prove the important fact, that the gravity of thie 
angular levers, by their position in the arms of a 
Bridge, does of necessity furnish (while building) 
a retrograde pressure towards the abutment. 

PRELIMINARIES. 

1st. Gravity is that force wherewith a body 
has a tendency to fall downwards, and, in empty" 
space, b called absolute gravity. 
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2d. Power and Weight, when opposed to each 
other, signify the body that operates on another, 
and the other which is operated on* The body 
ivhich begins and communicates motion is the po w- 
er ; and that which receives the motion is the weight. 

3d. Every body by its gravity will descend 
to the lowest place it can attain. 

4th. Whatever sustains a heavy body, bears 
the weight thereof. 

5th. Two equal forces acting against one ano- 
ther, in contrary directions, destroy each other's 
effects ; and unequal forces act only with the dif- 
ference of them. 

We shall now explain the above diagram^ not 
only consistent with these axioms^ but also s^reea- 
bly to the established laws of the inclined plane 
and of the lever. 

And first, we shall ascertain the true state of 
the gravity of the first log, supposing it to ^be 
resting in part on the inclined plane E Q, Plate 5, 
fig 5, of forty*five degrees, or equal an^es ; and 
also sustained in part by the horizontal end^gndn 
rests, or tusks, cut out of the solid timber, as re- 
presented at G and R, on Plate 1, and 5, fig 1, on 
each. And without the said first log being con- 
nected in any degree Mrith the beam or lever F^G, 
flg. 5, on Plate 5. 

PROP. 9. 

If a heavy body be sustained on aii inclined 
plane E Q, fig 5^ Plate 5, fay a power %xaiag pa- 

29 
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rallel to that plane, and if Q D, be parallel to the 
horizon, and D £ perpendicular to it, then, if the 
length £ Q denotes the weight of the body, the 
Iieight D £ unll denote the power which sustuns 
it, and the base Q D the pressure against Ae 
plane. 

Therefore the weight, power and pressure are 
as the distance £ Q, Q D, D £, and as the distance 
from Q to D, and from D to £, are equal, the. 
division of the weight of the log is conseqaendy 
equal on the two planes that sustain it. The state tf 
the gravity of the second log is decided by the first. 

SCHOLIUM. 

All the angular levers that compose the ribs of st 
Bridge on this plan are placed at an angle of forty^ 
five or fifty degrees from a horizontal line, but 
mosdy on the former position ; that is to say, eve^ - 
ly two logs are so placed, as the narrow and broad 
end of every log being put together in a rib alter-' 
Satdy, produce a parallel width, by which the 
same angle is continued ^dthin about six feet of 
the centre, when they move up to a perpendicular^ 
See Plate 6, fig 4. 

COR. 2. 

The weight of the body, the power that sus- 
tadns it on the plane, and the pressure against the 
plane, are respectively as radii, the sine and co-sinc 
of the plane's elevation above the horizon. 

For Q £, £ D, and Q D, are to one another as 
radii sine of £ QD, and sine of Q £ D. 
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COR. s. 

The distribution of the gravity of the two angular 
iogain the diagram being ascertained, by the same 
rule we prove that the gravity of all the angular 
levers individually composing the ribs of a Bridge 
on this plan, and placed at the same angle , inde* 
pendent of the additional force which the horizon- 
tal levers will supply, is sure to be distributed in the 
like j»x>portional manner ; that is to say, the one 
half of the weight of each log filming any rib as at 
R, on Plate 5, fig 1, will be sustwied by the inclin- 
ed plane first of the p3rramid, or the next adjoining 
log in succession as they are lowered down ; the 
other half is lodged on the horiaontal end*grain rests 
or tusks, cut out of the said inclined planes. 
We come next in order to point out the additional 
force wherewith the angular or falling levers Q E and 
D I, on diagram, Plate 6, fig 1,^ is pressed back 
towards the abutment by the extra weight and ac- 
tion of the horizontal levers F G, on the said dia- 
gram, and £ £, on Plate 1, fig 1. We shall now 
illustrate the foregoing fact by the principles of the 
compound lever, No 1 and 4. 

P R O P 10, 

First, If the lever F G, on the diagram, be con- 
sidered distinctly as a lever of the first order, £ 
will be the prop, I the weight, and C the power. 

"^As there are some omissions in the engraving of the diagram 
fig 5, Plate $, we shall refer our reader to the diagram fig I , on 
Plate 6, for tho illustration of the remainder of this impor* 
tmt subject. 
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Then if tbe power s»d weight be m equilibrio^ the 
power C is to the weight I as the distance of 
die weight fix>m thesuiq;K)rt E is to the distance of 
the power from die support. 

Secondly, If F G, I D, also be considered a fe- 
ver of the fourth kind, then, 

AXIOM. 

If a power be outbal^mced by any weight in a 
given directicHi, it matters not in what point of 
diat line of^direcd<m the weight is applied. 

COR. 1. 

If the weight M act obliquely agsdnst the power 
C on the lever FGthe power and weight will be io 
equilibrio when the weight M is to the power F as 
the distance of the power F E is to E H, the perpen- 
dicular, drawn from the support E to the line of 
direction of the weight. 

For in this case H E F becomes a bended Ic* 
ver, and the weight M acts perpendicular to E H, 
at H ; and, agreeably to the above axiom, it is all 
one whether the weight acts at H, or I, in the line 
pf direction I H ; and hence, 

C O R . S. 

If any force be applied to a lever I E Ft at I, 
its power to tun> it about the centre of motion E 
is as the sine of the angle of application E I H* 
For if £ I be given, £ H is as the sine of E I H, 

POB. 3. 

Ifi a straight lever of these three, the power, the 
weight, and the juressure ppon die support ; the 
fniddlemost is equal to the sum of the otl^r two, 
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For the middle one acts against both the others, 
^md supports them. 

COR 4. 

Then, if agreeably to COR 2, PROP 9, the an, 
gular or fallmg levers Q £, and D I, do distinctly 
furnish by their own action a pressure backwards 
on the inclined plane or pymmid, to the full amount^ 
of the half of their neat gravity, independent of any 
force from the gravity or action of the horizontal 
levers ; then, it is obvious, from the foregoing facts 
stated, that if the horizontal levers are allowed to 
act, they also will, in proportion to the full amount 
of their respective gravities, be sure to add to the 
velocity or pressure on the said angular levers. 

C O R. 5. 

Also, as every pair of angular levers, by their de- 
crease length, and the additional height in which 
their upper end is placed^ through the degrees of 
altitude which the arms of Bridges will be erected 
at in general, the weight of every pair of succeed- 
ing levers is thrown on the upper part of the rear 
angular levers, by wluch the gravity or pressure 
will be increased towards the abutment. 

COR. 6. 

Finally on this head, as the angular levers aie 
lowered down, so is the advantage of their retro- 
grade pressing by their gravity towards the abut- 
ment secured, by the longitudinal tie of the cap- 
plates and also of the needles^ or horizontal levers. 
But, as before illustrated in another. part of 
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thb workf when the arms of the Bridge aie uni- 
ted in the centre, the action of the levers ceases* 



EXTENT. From a recollection of the many ab- 
surd opinions lathed on this invention, at its first 
promulgation, by characters the least to be expect-^ 
ed, namely, of those who profess a vast knowledge in 
science, the author has been ready to conclude that 
he would suspend for the present any informaticm. 
on this important part of the subject ; preferring 
rather to wait the period, when ocular demonstra* 
tion should sufficiently punish the gross ignorance 
of these pretenders to science and enemies to the 
useful arts. 

But the author has also considered, that if a 
Bridge on this plan be indeed capable of the vast 
extent he has heretofore asserted, and which, from a 
- multiplied conviction of the excellence of its princi- 
ples, he still dares to assert ; how dishonorable would 
it be on his part, were he to shrink from the just 
vindication of its true merits, because a mere quack 
philosopher and two or three bookful theorists, (who 
may be looked up to by some as Oods in science j 
but who are in reality of those that are the pests 

of the arts in every age) because these, in the pleni- 
tude of their wisdom may think fit to doubt the 
existence of the vast powers vested in this inven- 
tion, mthout having once investigated even one of 
its golden properties. 

The narrow limits that persons of thijs descrip- 
tion hnre been dispos^ to fix for Uie utmost extent 



T.POPE'S BRIDGE. 

of a Bridge on this plan, have at once evinced to 
^e candid and intelligent part of the public whohavc 
chosen to judge for themselves, that these sagt 
persons were certainly under the influence of otw 
of two things ; namely, a total ignorance of the in- 
vention, or a contemptible opposition to its success. 

But, as the sons of science in all ages have 
ever had such characters to contend with, the au- 
thor conceives it a waste of time, at the present, 
furtlier to notice such pusillanimous conduct. He 
dierefore shall pass on to explain to the undissem- 
bled friends of science the grand reasons why a 
Bridge on this superior plan can be erected to a 
far greater distance with a single arc than any here- 
tofore invented. 

PROP. il. 

The arms of a Bridge being framed to the shape oE 
an isosceles wedge of the proportion of one to twelve 
for the increase of the depth of each rib (see plate 3. 
fig 1) the strength of each arm is sure to be equal in 
all its parts, for any extent. 

SCHOLIUM. 

If a beam were in the form of an isosceles wedge, 
like unto A M Z, Plate 3, fig. 1, fixed at the end 
M Z, and a weight press uniformly on every part of 
A M, andthe sections in all points as I V, be simi- 
lar ; then A I will be as I V, and Z V A a 
right line. Hence, on this plan the half of a square 
beam may be cut away mthout losing any 
.strength. See Emerson, on the strengtli of timber. 
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COR. 

In like manlier, whether an arm of a Bridge oa 
this i^an be erected one hundred feet in lengtli frore 
its abutment, as A B, on diagram ti^. 1, phte 3, or 
twelve hundred feet, as A M, on said diagram, or 
any of the intermediate distances therein marked, it 
mattersnot, asthey each will be alike strong in proper- 
tion to their extent, to carry their own weight, and 
also whatever additional gravity the men and materi- 
als employed in the erection of the Bridge may fur- 
nish. This fact is rendered certain, not only by the 
above rule, but also by many others equally incon- 
trovertible. 

PBOP. 12. 

Tlie small proportion tliat the thickness of each. 

rib, for the arm of a Bridge of any dimensions on 

this plan, bears to the depth thereof, is also a sure 

mean of strength suited to an arm of extra extent. 

SCHOLIUM. 

The causes that explain the above fact have been 
abundantly illustrated in practice, in various instan- 
ces. Hence we witness a superior strength, possess- 
ed in a beam of oblong section, with its greatest 
breadth placed perpendicular to the horizon, to that 
of a square beam ; though tlie former should cm- 
tain less timber than the latter. See Plate 6, fig 5. 
COR. 

But, as the greatest strength that a beam of tim- 
ber of any dimensions will fimiish, by its lateral:. 
grain, is far inferior tn thr\t strength or resistance 
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which the end grain of timber supplies; so in a muck 
greater proportion will the timber ribs composing the 
fljdng arms of this Bridge be infinitely superior in 
strength to that of any other formation, by their 
thickness being so much inferior to their depth. 

PROP. IS. 

The weight of the arms of this Bridge being sup- 
ported principally on the end grain of the timber, is 
also a grand reason why it can be erected to a great* 
er extent than any other Bridge. See geometrical 
elevations of this Bridge in building, Plate 5, fig. 
1, and Plate 1, fig. 1. 

SCHOLIUM. 

The side-logs, or angular-levers, compo^ng the 
ribs of this Bridge from the abutment to the centre, 
all rest in the lap of each other, in succession, on 
their end grain tusks and joules. 

COR. 1. 

Therefore, by the length-grain longitudinal needles, 
or levers, being wholly enclosed in the end-grain 
tubes formed in the internal part of the above men- 
tioned angular-levers, a strength is furnished supe- 
rior to any other formation of timber heretofore wit- 
nessed ; and which strength is abundantly capable 
of being multiplied beyond what can be needed for 
a Bridge, of any extent, the people of any country 
may wish to erect. 

30 
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By the above end-grain rests and lon^tudinal 
needles being lined with sheet-iron or tin, a preven- 
tion is also secured against the compression or in- 
dention of the timber in the internal part of each rib, 
in an arm of any extent. 

PBOPi 14. 

« 

Though the strength of the whole of the timber 
in the arms of this Bridge is unitedly in action sA 
one and the same time while building, yet the taking 
out of any single part to repair, after it is built, can- 
not in the least degree affect the strength of the 
Bridge ; as the said strength is not in one single in- 
stance dependent on any one part or side of the rib ; 
therefore, the whole of the arms of a Bridge, of any 
extent on this plan, may be repaired at any period, 
without the smallest risk ; which furnishes an ad- 
vantage not to be equalled in any other Bridge. 

SCHOLIUM. 

This last proposition has been partly explained 
under the head of Construction and the Inclined 
Plane ; but, as the whole of this Bridge is capable 
of being repaired with far more ease and less ex- 
pense than any other heretofore invented, which is 
an acquisition of no small importance to a structure 
of this extra magnitude, we shall further particularize 
the simple means by which it is accomplished. 
. First. The thickness of each rib being made up 
qf two parts, (see page 211 and 12) and both of 
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these parts so tabled or indented into each other alter* 
natdy, as, when the log or logs on one side be with," 
drawn, those on the oj^Kisite side, by their toothings, 
take the fuU charge of th^ whole weight or sti^ain^ 
oonseqikotlj any part may be taken out of one side 
of die rib, at one time, and repaired with the great- 
est ease and facility^ 

Second. As every fourth lever or king-bent li 
tenonted into the cap and archivolt-rails, whereby 
the queen-bents which fill the intermediate space ar^ 
protected from the side pressure of any more weiglit 
than their own furnishes, it is obvious that theire 
cannot exist more additional pressure on the levers 
remaining, than that which was produced by the for- 
mer weight the absent levers bore. And as the end- 
grain of every single log, in its respective station, 
will be able to furnish a resistance to more pressure 
than double the weight of the semi-rib projecting be- 
yond the part where tlie log or logs are taken out 
can afibrd, were it even disunited in the centre, tiiere 
can be no doubt of those bents that remain bearing 
the half of that proportion, when united. 

Thu-d. Each defective logon the sides of each rib 
can be taken out of its place by the most simple 
means, namely, by unscrewing three or four iron 
bolts, or starting somany trunnels and string-pieceis, 
if of wood. A new log is then moulded to its shape, 
and placed in its stead, with similar ease. The only 
scaffolding required for this service being, two lajl- 
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ders, of the same kind as those first used in Ac 
tion of a Bridge on this plan. 

Fourth. Every angular lever is not only surround- 
ed on three sides from the top to the bottom by the 
adjoining levers, as before noticed, but is also belt- 
ed on the fourth or outside by the iron chain-bands 
or chain-plates ; by which means each log is so se- 
cured, that it has not room to crush, or break. But 
the relation of this grand and important fact will no 
doubt make many of our half-taughl theorists stare, 
who profess to know a great deal about the strength 
of timber. 

Pit OP. IS. 4 

The upper deck of this Bridge, on all occasions/l 
furnishes a vast longitudinal brace and tie, by being 
cogged down on the beams, as before mentioned ; 
and is a mean of strength abundantly suited to an 
ann on this plan of extra extent. 
SCHOLIUM. 
The decks or floors of this Bridge are always to be 
laid longitudinally, and caulked with oakum in the 
joints or seams, and afterwards payed over with pitdi 
and chalk ; by which means, if faithfully executed, 
not only a vast strength and firmness is added to the 
Bridge, whereby it is made cajiable of withstanding 
the pressure of wind and tempest, but also a grand 
preservation of the under part of the structure is 
secured without the extra and needless espense of a 
shingled roof. 
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COR. 1. 

Therefore, if a Bridge is required to be built in an 
exposed situation, the shape of the ribs perpendi- 
cular to the horizon on the outer sides thereof will 
be two concave segments, back to back. See 
Page 208. 

COB. s. 

But the ribs of a Bridge, even of an extensive 
span, where the situation is not much exposed to 
wind and tempest, may be built in parallel lines 
from end to end, provided the overhanging giillery 
footpaths, which project beyond the ribs vn each 
side, be in a concave circular form. These will fur- 
nish a brace of sufficient strength for such asituation, 
and also supply a grand shelter for the whole of the 
febric under the same, as above remarked. See 

■ Plate 1, fig. 2. 
COB. S. 
In Bridges of small extent, neither of the valuable 
precautions abo\'e mentioned will be needed ; tjiere- 
fore, where this is the case, the widdi oi" the Bridge 

ton this plan, from out to out, need not exceed from 
twenty to twenty-six feet, on any occasion. 
Having reconnoitred a pjrt of the valuable prin- 
ciples contained in this; invention, whereby a Bridge 
can be erected to a for greater extfnt than any other, 

I we shall now proceed to furnish the estimate and 
bills of scantling for the timlier and other materials 
required for the building of the different Bridges 
described by sections on diagram, Plate 3, fig. 1. 
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ESTIMATE 

Of the expense of Bi*id|*e» oil thig plaii of inv^nttotfy 
from an Arc of 200 feot, to one of ^MO tett ^an^ ao^ 
eorately ealculated according to certain fix^d prieea of 
materials and labour, vfith ample allowance for waste 
and casualties. 

The reader vrlll observej tbat the author^ in these 
mtimatesy makes no calculations for building in water ; 
as he wishes never to erect his abutments nearer the 
river than the highest water-markf as in all cases thos^ 
Bridges will be sure to be the cheapest* Also, that ever^ 
Bridge is built in two halves, one from each shore* 

ESTIMATE of a BRII>GE, ^0 feet span. 

This Bridge would be composed of two arms, and each 
arm of 2 ribs, and each rib is made up of two thick* 
nes^es. The length of each rib is of course 100 feet 
from the extremity or centre of Bridge A, to the ful- 
crum or abutment B, See Plate 3, fig. 1. The neat depth 
of each rib need not ever exceed 6 feet at the centre, by 
one foot thick ; and fourteen feet 4 inches deep at the 
abutment, by 14 inches thick. The depth regnlariy in- 
creasing one inch to a foot, throughout the arsi, till it 
reaches the abutment, and the thickness of the rib in- 
creasing from the centre to the abutment, 2 inches in lOQ 
feet I therefore the author's measurements are easily ex- 
amined as to these estimates. 

The timber composing the angular 
levers of each rib will measure in their 
work, agreeably to the above dimen** , 
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vioiis givcn^ 1100 euUc feet; and as 
there are *% semi-ribs to this bridge^ the 
number of eubie feet in them eontain- C feet, 
edyis - - - - • - 4,4^00 

Tbe dimensions of the cap-plates 
and archivolt-rails are as follows ; 100 
feet long) 12 inches square at the cen- 
tre^ and 14 at the abutment. 4 times 470 

The dimensions of the needles or 
horizontal levers, in this Bridge, are 
100 feet long ; 4 by 12 inches at the 
small ends, and 6 by 18 inches at the 
largest end. . . 4 times 210 

The average dimensions of the deck 
or floor of Bridge, is 28 by 100 feet, 
and will contain at - 2 times 1,800 

The average dimensions of the deck 
and tie-beams will be 28 feet long. 
Their shape being somewhat in the 
form of a prism, in their section will 
average 6 by 12. - - 60 times 1,680 



8,560 



Allowance for working, and waste 
of timber 1>440 



Total number of eubie feet of tim- 
ber required for the two arms of a s S 
Bridge of the above dimensions, 10,000 at 2—2500 

Labour to do. at per cubic foot, the 
number of feet used in the arm with- 
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out the allowance for waste^ whioh 8 8 

will be 8560 at 2-^2140 

Iron work to Bridge . . • « 1000 

Materials and labour for caulking 
#f tbe deck of Bridge .... looo 

To apparatus for building the arms 
of Bridge • « 1000 

To two abutments built of stone and 
brieky with a toll-house on each,of tim- 
ber^ with gates^lamps^&c. complete - « 8360 

Total expense 16,000 



The sum total, as here found, will exceed, in many in- 
«tances, more than iive-and-twenty per cent, over and 
above what a Bridge of this dimensions could possibly 
cost in favourable situations. And as the price of ma- 
terials and labour differ so widely, in the various parts 
of a country, as also the local advantages and disadvan- 
tages, it is not ta be expected that estimates can be made 
to form a atandafd for all places ; as these are more par- 
ticularly applicable to New- York, and similar situa- 
tions, but which is never likely to be exceeded in any 
situation in the United States. 

Having given the Estimate of a Bridge of 200 feet 
^an, the arms of which are the pi*oportion of the section 
of A to B, on fig. 1, Plate 3, we shall proceed by the 
same rule to give the probable cost of the different 
Bridges described by the said sections. 
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The Estimate of a Bridge, of 300 feet span, g 

built on the same proportion as the former, is • 25,000 

Do * - of 400 feet span by section A to C 36,000 

Do - • of 500 feet span do do 50,000 

Do - - of 600 feet span by section A to D 68,000 

Do • - of 700 feet span do do 83,000 

Do - - of 800 feet span by section A to E 102,000 

Do - - of 900 feet span do do 118,000 

Do - • of 1000 feet span by section A to F 138,000 

Do * - of 1100 feet span do do 155,000 

Do - • of 1200 feet span by section A to G 176,000 

Do • - of 1300 feet span do do 194,000 

Do - - of 1400 feet span by section A to H 216,000 

Do - - of 1500 feet span do do 235,000 

Do - • of 1600 feet span by section A to I 258,000 

Do - - of 1700 feet span do do 278,000 

Do - - of 1800 feet span by section A to J 302,000 

Do - - of 1900 feet span do do 323,000 

Do - - of 2000 feet span by section A to K 348,000 

Do - - of 2100 feet span do do 370,000 

Do - - of 2200 feet span by section A to L 396,000 

Do - - of 2300 feet span do do 419,000 

Do - - of 2400 feet span by section A to M 446,000 

Bridges built with different materials, and to different 
shape, will of course vary in their expense. 

BILLS of SCANTLING 

For Bridges of various Dimensions. 

Note 1st. 

^Vhatever be the extent of a Bridge on this plan, tho 
size of the timbers composing the centre, will be the 
same in all cases, as to thickness and lengtlu 

31 
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^4 

It matters not vliftt breadth tbt Idgft vtAj average that 
All up the longitudhial extent of each arm^ se as eaeh 
pair be of one thickness and lentgth ; save/ that the 
greater their breadth, the less will be the number of 
logs required, and also the less will be the labour to 
eaeh rib. 

sd* 

The dimensions of the fbur{iairof centre lOgs or key- 
Toussoirs, to any bridge of this construction, will be in 
the rough 6 ftet long, and S inches thick, allowing for 
tablings, by whatever breadth each pair of logs may aver- 
age* But to form a scale for the scantling of the timber 
required for any Bridge, we shall suppose the angular le- 
vers to average one with another in breadth, one foot 
eaeh when finished. Then the dimensions of the timber 
in the rough, for a Bridge of SOO feet span, wilt be as 
follows : 

FOR THE ANGUIAR LEVERS. 

Kumber, Length* Thick. Breadth. 

8 pieces - 6 feet 1 long, * 8 by 16 

8 do - 6 feet 2 long, - 8 by 16 

8 do - 6 feet 3 long, - 8 by 16 

8 do • 6 feet 4 long, - 8 by 16 

8 do • 6 feet 5 long, - 8 by 16 

8 do • 6 feet 6 long, - 8 by 16 

8 do - 6 feet 7 long, - 8 by 16 

8 do - 6 feet 8 long, - 8 by 16 

8 do - 6 feet 9 long, - 8 by 16 

8 do « 6 feet 10 long, - 8 by 16 

8 do - 6 feet 11 long, - 8| by 16 

8 do • 7 feet long, - 8^ by 16 
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8 pieces 

9 do 
S 4e 
8 de 
8 do 
8 de 
8 do 
8 do 
8 do 
8 de 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do ' 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 
8 do 



aloBgf 

4 longp 

5l0B^ 



Lenglht 

7 feet ilongt 

rfeet 

7&et 

rfioet 

7 feet 

7£bet 6lofig^ 

7 feet 7 longs 

7 feet . 8 long^ 

7 feet 9 longs 

7 feet IQ longt 

7 feet 11 long» 

8 feet longs 
8 feet 1 longs 
8 feet 2 longs 
8 feet S longs 
8 feet 4i loQgs. 
8 feet b longs 
8 feet 6 longs 
8 feet 7 longs 
8 feet 8 longs 
8 feet 9 longs 
8 feet 10 long^ 

8 feet 11 longs 

9 feet longs 
9 feet 1 longs 
9 feet S longs 
9 feet S longs 
9 feet 4 longs 
9 feet 6 longs 
9 feet 6 long^ 
9 feet 7 longs 
9 feet 8 longs 
9 feet 9loi^s 



Thick. 8reAdth. 

.8^ by 18 
81 by 16 
8i by 16 
8J by ±9 
S{ by l» 
8iby 16 
81 by ±9 
8i by 16 
8i by 16 
Si by 16 
8iby 16 
8i by 16 
Si by 16 
8^ by 16 
81 by 16 
8i by 16 
8J by 16 
8i by 16 
8| by 16 
8J by 16 
Si by 16 
8| by 16 
8|by 16 
8i by 16 
8| by 16 
Hhf±9 
8J by 16^ 
8| by 16 
9 by 16 
9 by 16 
9 by 16 
9 by 18 
9 by 16 
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Kttmber, 

S pieces 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 

8 do 



Length, 
9 feet 10 loog^ 

9 feet li lat^f 
10 feet OloDgf 
10 feet 1 lon^» 
10 feet 2 109^9 
10 feet 3 long» 
10 feet 4> longf 
10 feet 5 longy 
10 feet 6 loDgf 
10 feet 7 longy 
10 feet 8 longt 
10 feet 9longy 
10 feet 10 long» 

10 feet 11 long, 

11 feet long, 
11 fecft 1 long, 
11 feet 2 long, 
11 feet 3 long, 
11 feet 4 long^ 
11 feet 5 long, 
11 feet 6 long, 
11 feet 7 long, 
11 feet 8 long, 
11 feet 9 long, 
11 feet 10 long, 

11 feet 11 long, 

12 feet long, 
12 feet 1 long, 
12 feet 2 long, 
12 feet 3 long, 
12 feet 4 long, 
12 feet 5 long, 
12 feet OloBgf 



Thick. Brtr^h. 
9 by 16 
9 by IS 
9 by 1<^ 
9 by 16 
9 by 16 
91 by 16 
9| by 16 
9{ by 16 
9J by 16 
9i by 16 
9| by 16 
9iby 16 
91 by 16 
9i by 16 
9J by 16 
9« hy 16 
9i I^ 16 
9i by 16 
9| by 16 
9J by 16 
9iby 16 
9i by 16 
9| by 16 
9i by 16 
9i by 16 
9| by 16 
9i by 16 
9| by 16 
9|by 16 
9| by 16 
9| by 16 
9| by 16 
9| by 16 
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8 pieces • 

a da - 

8 do • 

8 do - 

8 do • 

8 do « 

8 do - 

8 do - 

8 do - 

8 do - 

8 do - 

8 do • 

8 do - 

8 do • 

8 do • 

8 do - 

8 do • 

8 do - 

8 do • 

8 do - 

8 do - 

8 do • 



Lengtli, 
12 fbet 7 longf 
IS feet 8 hmgf 
12 feet 9 longf 
12 feet 10 longt 

12 feet 11 long, 

13 fbet longy 
15 feet 1 longy 
13 feet 2 long, 
13 feet S long, 
13 feet 4 long, 
13 feet 5 long, 
13 feet 6 long, 
13 feet 7 long, 
13 feet S long, 
13 feet long, 
13 feet 10 long, 

13 feet 11 long, 

14 feet long, 
14 feet 1 long, 
14 feet 2 long, 
14 feet 3 long, 
14 feet 4 long. 



Thick. BretdliL 
9| by 16 
9i by 16 
by 16 
by 16 
by 16 
by 16 
by 16 
by 16 
by 16 
by 16 
by 16 

by 16 
OJ by 16 
0^ by 16 
Oi by 16 

01 by 16 
0« by 16 
0^ by 16 
OJ by 16 
OJ by 16 
01 by 16 
Oi by 16 



By the above schedule it will be seen, that every eight 
logs, or single set, of the angular levers, inerease in 
length only one inch to a foot of their breadth when ta- 
bled together ; also in thickness one quarter of an inch 
in 10 feet* 

The eight eap-platcs and arehivolt-railsof this Bridge, 
is each one hundred feet long when scarfed together, be- 
side the length to be lodged in each abutment ; the 
small ends of which are 12 inches square, the larger ends 
next the abutment are 14 by 22 inches, or as large as 
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any sonnd k^ vill furniab* Each is made op <tf two 
thicknesses* 

The eight horizontal lerersy or neediest icr^ aho 100 
feet long when scarfed together^ beside the length to be 
lodged in the abutments \ the small ends thereof are ^ 
inches thick, by 12 inches deep ; the part of each next 
the abntment is 6 inches thick, by 18 inches deep. 

Th^ side, strings, and carriage skids, are also the samo 
length with the aboye, and will average 12 i]|ches dia- 
meter. 

The span of the deck beams to this Bridge i^ fjppm 25 
to 30 feet long \ they will avera^ in scantling 6 jUiehes 
by 12, and are Qut to the shape of two isosceles wi^ges, 
or a prism* 

The deck or floor of Bridge will average flre inches 
thick, and may be of oak or pine* 

If any diagonal or perpendicular braces be needed to 
this Bridge, the size of their scantling will bo regulated 
by their length. 

According to the proportional increase of the size of 
the sections of the isosceles wedge on Plate 3, fig. 1, so 
will the increase of the quantity of timber be, in the 
different bills ^f acantUng for the other Bridges. 

Therefore agreeably to the rules whereby the different 
siases of the timber in the above Bridge are averaged* the 
biiU of scantling for the timber in each BHdge, in the 
above section, will be regidated according to their va* 
rious measurements. 
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tkithenature and strength &f Ihnbetj and other material. 

Having promised^ in the table of contents of this small 
work, some observations on this all-important point, wo 
shall now attend to a bnef illustration of the subjeet> 
whereby those persons, who have heretofore had no« 
thing to inform their judgment as to seience, but the de- 
lusive help of untried theory, may be assisted to dis-r 
cover, not only wherein the superior exeellenoe and 
praeticability of the author's invention is contained, but 
also the gross ignorance manifested in others who have 
been hardy enough to assume a capability of judging 
works of art, though they have not possessed one single 
prere<piisite for the purpose. Hence certain sage per- 
sons, who have taught many to believe that Wisdom was 
to expire with them, have boldly asserted to their cre- 
dulous admirers, that the strength of materials was not 
equal for the support of aBridge to the extent contemplat- 
ed by the author ; whilst at the same time these vain pre- 
tenders were totally ignorant of the strength contained 
in either a cubic inch or foot of Timber, Stone, or any 
other material. 

We shall proceed to shew, in a few instances, what is 
the different strength of timber, and tlie positions in 
which it is produced : first, we shall cite those authors 
who have written on the subject ; whci*eby the reader 
may finally discover that all the experiments and 111601*6- 
tical calculations that have heretofore been made, on the 
natui*e and strength of timber, are wholly inadequate to 
determine the subject ; as they are not only contradic- 
tory, but also principally confined to the Illustration of 
the strength of the side-grain only, on which the author's 
invention does not depend. 



iiiS GENERAL REMARKS 

The celebrateJ Charles Hutton, L. L. D. and F. H. S. 
ill hiaRecrealioQs in Mathematics and Natural Philo- 
sophV) page 392, ou Architectui-c, proposes the foUowii 
problem. 



PHOBLEM 1 



To cut a tree into a Beam capable of the greatest p08i 
siblc resistance. 

*' This problem belongs properly to mechanics ; but, 
on account of ils use in archkcctnrc, vm tbought it 
might be proper to give it a place here, and to discuss it 
both geometrically and philosophically. Wc shall first 
examine it under the Toi-raer point of view. 

" Galileo,* who first undertook to apply geometry 
the resistance of solids, has determined, on a very ukge< 
nious train of reasoning, that, when a bod; is plac« 
honzontally, and fixed by one of its extremities, as is 
ilic cas« with a quadrangular beam projecting from a 
■wall, il' a weight be suspended from the other extremi- 
ty, in order to break it, ihc resistance which it opposes 
is in the compound ratio of the horizontal dimension and 
the square of the vertical dimension. But this would-, 
be more corpcctly true, If the matter of the body wei 
of a homogeneous and inflexible texture. 

" It has been shown also, that, if a beam is support' 
at bulh extremities, and if a weight, tending to break il 
be suspended from the middle, the resistance it oppose) 
is in the ratio of the product of the breadth and squi 
of the depth, divided by half the length. \ 

**To solve therefore the pi-oposedproblem, we inustei 
from t!ie trunk of the tree a beam of such dimensions^' 
that (he product of the sqnari: of the one by the othci 
shall be the greatest possible. 
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$ " Let A B (hen, Plaic 3,fig. 15, be tlw diameter of the 
Dircle, wbicfa ia the section ot the u-uuk ; lli« question is, 
to inscribe in tlii»cii-cle sl reclan^le, as AE BF, of such 
a nature. tbut the square of one of its sides AP. multi* 
plied by the other aide AK, sliall give the greatest pro- 
duct. But it can be proved (bat, for ttiis purpose, we 
must tii-st (uke, in (be diameter AB, the pat-t AI) equal 
to a tbird of it, and raise tbc {K^rpendicular DK, till it 
meet (lie oircuinfei-cnce in E : if BE and £A be thea 
drawn, and uIsd AF and FB parallel lo tbein, wc sball 
hate tlie i-ectangle AE BF, of such a nature, tbat the 
product of ibe square of AFbjBF, will be greater than 
that given by any other rectangle inscribed in the same 
«irele. If a beam of ibese dimensions, eut from the 
proposed trunk, be placed in sueb a muiuieri tbat its 
greatest breudtb AF shall be pcrpendienlnr to the hori- 
zon, it will present more resistance than any other that 
could be cut from the same trunk ; and even than a 
aqnarcbcam eut from it, though the latterwouldcootitin 
more matter. 

BEStARK. 

" Such would be the solution of this problem, if the 
suppositions from wliich Galileo* deduced his pi-inciplee, 
in pcgai'd (o the i-esistanee of solids, wei-e altogether cop- 
rcct. He, indeed, supposes that the matter of the body 
to be broken is perfectly homogeneous, or composed of 
parallel fibres, e<|ually distributed around the uxis, and 
presentingan equal resistance to rupture ; but this is not 
entirely the ease with a beam cut from the trunk of a 
ttce whieh has been squared." 

** By examining tbe manner in whieh vegetation takes 
place, it has been found, that the ligneous cuats ofii irce. 
fifrmed bv its nnnual growth, are almost eoncentrle ; and 
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that tlicy are like so manyboUow cylinders, tbrUKt 
each otiier. and united by a kind of Diodullai^ substa 
which presents little t'osistaiico :^ U is therefore (heso 
ti^eoHs cylinders chiefly, and alinoiit wholly, wbk^h up- 
pose resistanec to the I'opcc that tends to bi-eak them. 

"Buti what takes place wben the trunk aT a tree is 
squared, in order that it may be conrepted into a beam ? 
it is evident, and it will be rendered mure sensible by in- 
s[»eeling tig. 6, on Plate 6, that all the ligneous cyllndei-a, 
greater than the circle inscribed in the square, which is 
the section of (be beam, are cut off' on the sides ; and 
tiiei-fifui-e the whole resistance almost arUes fiom tlie ey- 
lyndric trnnk inscribed in the solid paet of the beam. 
The portions of the cylindrie eoats, whivb are towards 
the angles,^ add indeed alii tie stroQ^th to that cylinder; 
fur tbeyeaunot fail of opposing some resistance to flie 
breaking force ; liitt it is much h-ss than if tbe ligneous 
cylinders were all entire. In llie slate in which Ihey 
arc, they oppose only a moderate efibrt to flection, and 
«ven to rupture. For this reason, there is no comparison 
between the strength of ajoist made of a small tree, and 
tliat of another which has been sawn, or rut with gev< 
others iVom the same beam or b!ock.| The latter 
generally weak, and so liable to break, that Joists, 
other timber of this kind, ought to be carefully vejeeleJ 
from all wooden work which has to support any consider- 
able weight 4 

" We shall here add, that (licse ligneous and concei 
trio cylinders are not all of equal strength. The eoi 
nearest the centre, being the oldest, are also the hardesi 
wbilc, aeconling to theory, the absolute resistance is gi 
posed to be uniform tliroughout. 

*' It needs, iberefoi-e, excite no surprise that experf 
ence should not entirely confirm^ and even tltat is shouU 
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netimes oppose, the regult of theary. Hence wc arc 
under considerable obUj^ations to Dnhamel* and Buf- 

fon*. Tor bnvine^ subjeoted the resistance of timber to 
cxpcrim<^uts : as it is of great imjKirlance in Arcbitcc- 
ture to know the strength of the beams employed, in oi^ 
der that larger and more limber than is necessary may 
Dot be used. 

But, notwithstanding what has been said. It is ver^ 
pl-obabic that the beam capable of the greatest resis- 
tanee, which can be cut f^m the trunk of a tree, is not 
the square beam ; for tlic fbllowing experiments, ittade 
hyBuhHmel,*secm toprovc, the sixe being the same* 
that the beam which has more depth in proportion than 
breadth, when the depth is placed vertically, presents 9« 
much more resistance ; and even without ilcviating Tery 
much from the law proposed by Galileo,* vivi. iJic com- 
pound ratio of the square of the vertical dimension and 
that of the breadth. 

Duhsunel,* indeed, caused to bo broken twenty squaro 
baps of the same volume, (o determine what form of dres- 
sing would render them capable of the greatest resis- 
tance. They all had 100 squai-e lines of base, and four 
of eaeli sort tvere employed, of the difTcrent dimensions, 
to compose the same arta. 

jTlic first four, which were 10 lines in every dircctioa, 
sustained a weight of ISl pounds. 

) Four others, whicli wore 13linesiaonediPcclion,ajid 
S\ in »nollier, sustained each l$i pounds. Tlic abnvo 
law would give i.i7 pounds. 

f Tlie next four, which »ero IV lines in heiglit and ?f in 
breadth, supported eaeh If) V pounds. CaleuHtion would 
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Fourmore.'whick were 16 lines in bcigbt and 6J 
brewltlt, sustained parb 180 pounds. According to «a] 
eulation Uicy oagbi to have supporled 209 pounds. 

Tlie last four, which were 18 lines in hei);ht and fij I 
breadth, sustained each S-IS pounds. Calculation woiiU 
have given only 233 pounds. It is vei^ singular that in 
this case ealculation should give less than experience) 
while in the other cases the result was conti'arj'. 

Buflon* hegan experiments on a larger scale, in regard 
to the resistance of timber, an aceount of which may b 
•een in the Memoirs of the Academy of Sciences for ths 
year 1711. It ia to be re^i-eltcd that be did not pui-sul 
this sulycct, on which no one could have thrown moej 
light. It appears to resull from these expeiimvnts, tbd 
the resixtatice increases less than in the square of tbm 
vertical dimension, and decreases in a i-alio somcwhaj 
greater than the inverse of the length." 

<< In short, the result of (he whole is, that to si 
proposed problem, it would be necessary to have physiS 
eaX data of which we are not yet in possession : that tlu 
beam capable of the greatest resistance, that can be em 
f^m the trunk of a tree, is not a square beam ; and thd 
in general many researches are to be made respectini 
the lightening of carpenters* work, which often conlai 
forests of timber in a great part useless." 

It On the 428 page of the aboic work the same aiithoiJ 
Mr. Charles Hutton, in deseribing a Bridge proposed h 
be eonatructcd of timber frames or voussoirst designd 
by M. Montuola, (See Plate 6, Hg. 2 and r, 166 page d 
this work,) gives the following relation. 

* It appears (said be) from the experiments of Mus^ 
chenbroeck, and the theory of the resistance of bndiei 
that a piece of oak 13 inches square, and 5 feet ift^ 
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f length, can sustain in an upright position, without break- 
ing, 261,000 pounds ; " hence it follows that a cross 
band, as AC or EF in th^ vousioirs on Plalc 6, fig. 3, ^ 
feet in length and 12 inehcs hj 10, con support, 220,000 
pounds, &e. Ac."** 

** Here we sec exhihited one solid proof, nmon^ 
many others, that might be adduced, that men of theory 
alone (in general) arc wholly inadequate to prodoee in- 
vention in mechanism, mueli less to decide ou the inven- 
tion of the practical artist, for want of a competent 
knowledge of the true nature, position, and strength of 
materials in their work, which is alone to be acquired by 
practical demonstration. The imparlance of which 
they in general are very little sensible of. 

Ilence we find that the celebrated Montuela, in his 
above caleiUationaon the strength of the timber in the 
voussoirs of his new-invented Bridge, which is here re- 
peated by the learned Ilutlon, makes no ditferenee bo- 
tweon the resistance which the end grain of timber fur- 
nishes, and that which (he side grain supplies, though the 
strength of the one be to that of the other in this in- 
stance as one is to seventy, else he would liave discover- 
ed lliat the vertical stUes of tlie voussoii-s passing the 
ond-gruinof the horizontal extradosscs and intradosses 
must inevitably be crushed with less than one aevcsty 
times the weight that the latter would resist. See 
AC. BB, and EF, ae, db, and ef, on tig. 2, Plate C, be- 
ing a diagi-am of one of the voussoirs belonging to Mon - 
E's arc of one hundred feel span, tig. T, on same 
t. ^ 
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^4 GENEffAIi REUAKHS 

From the whole of thb nbcnre relitiinh V€ gttli^ tW 
Ibllcmiiig f^marks : 

* First/ It iq^pearB that this eelcbrated iMtei^had 
toothing to off^r in his prolix dissertation on timber^ litit 
the account of the experiments inrhii^h othekrs had made. 

f Second^ That the said experiments^ like, the gener- 
^ty of those recorded on this subject^ only serve. im« 
perfectly to prove what is the strength of the lateral 
or side-grain of timber, whieh hundreds of practical 
men have heretofore demonstrated to a fiyr greater 
amount. 

:|: Thirds That the learned writer, when he animadverts 
on Galileo's principles as to the weakness of the me- 
dullary substance in timber, appears to have forgotteii 
the old proverb, which says, that the hand cannot say 
nnto the foot, I have no. need of thee ; for it seems that 
he did.not consider that the soft fibre? in timber were to 
the hard ones, in the same tree, as so many blood vessels 
and air-pipes in the grand system of man, which not 
only constantly communicate strength, but without 
which the structure must inevitably fall to decay. 

$ Fourth, It is evident that the said philosopher 
had not attended strictly to the spirit of his problem^ 
which, went to shew, that a beam of obloiig section 
would carry more weight than the largest square beam 
that could be cut out of the same log, though a greater 
number of it» ligneous hoops or cylindric fibres were 
cut ofi* ; and although the beam would contain less mat- 
ter 5 otherwise_he would have known by the same laws 
that a joist made of a small tree (that he mentions on 
394 Page, Vol. 3, Recreations) could not carry the same' 
weight, as the same quantity of matter would in an ob- 
long shape, not only by the laws proposed by Galileo, 
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bat by iht repeated proo& tbat pracdeal oieii hare 

* II Fifths We ean but lament that the professedly wise 
VbB of the present day should so much content them- 
selres with the relation of .the opinions and experimeat9 
wliich ancient authors have supplied, without producing 
a au^e proof of their own researches and practical de- 
monstrations ; as if these sages had already dried up 
the fountain of discovery, or that nothing more was 
needed to be known; especially as the natural resources 
of such men in general (particularly those who have a 
few unmeaning letters at the end of their names) ai*e so 
much more compatible with the subject, as to time and 
wealth, than tlie practical artificer, who have fewer means 
or opportunities to explore causes and effects* except it 
be in the execution which he is daily called to engage 
in« But perhaps the reply with these persons will be, 
that the vast labour and expense attendant on all such 
experiments, on a large scale, which is the only plan 
likely to be useful, would &r exceed tlie abilities of in- 
dividuals, who might otherwise be disposed to investi- 
gate this useful branch of meclianical knowledge. And 
this ol^jeetion, say they, has been tlie only cause why so 
little has been done to determine by experiment this all- 
important subject* 

Admitting the whole of this plea, that the scale which 
is nearest to full size on which any experiments are made, 
to be indubitably the most conclusive, and also that such 
experiments are always attended with considerable ex- 
pense, likewise readily admitting that there are some of 
the sterling sons of art (and Mathematicians among the 
rest) who are not very wealtliy ; for it has been proved a 
mournful truth, tliat 

Artists are seldom bom with golden lockets ; 
Oft those most rich in skill, most poor in pockets. 
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Yet, if a gulScient number of these can )>e found| 
who cannot easily snoak IVoiti the ai'duous, though e 
itiAlly pleasing lask, of scai-chitig the deep mysteries of 
Mature and Aft ; a plan may soun he devised* whereby 
those plauMiblc excuses maybe done away, a&d the ^ranl I 
ul{ject finally aeeomplislued. lie re is one : 

First, Lei the learned Matbemalieians in every c 
•beerFuIly unite, not only their talents of skill, bat also 
of gold 01" silver, or even copper, accofding to their 
fievet-al abilities, to bring about the grand ohjeot. And 
let them be incofpomtetl for the self same purpose. 

Second, If this be, or not, suflicient strungth, let \ 
such company of mathcniat icians deign to invite also tlio 
joint cfibi-Ls uf a suitable number of the mostintelligeut 
of their elder bi-ethreti, namely, the practical artists 
and mecbaoies of the said city. Always granting per- . 
mission to any that may claim kindred to the selenlillefl 
family, to come forward and prove their relationship. 

Third, Should the exgdoring the rich aiines of causes, 
and effects so happily rewai-d and stimulate these f 
i-ans in the cause of science to greater exertions, 
mora Iiclji be yet needed, then, let tins two-fold hand 9 
the Invineihlcs of science, pettlion the government of thel 
litate or country, for such pecuniary aid as they mayl 
stand in need of ; m hich government would doubtless^ 
readily contribute to the supporting and cherisliing of alll 
aueblaudiblc exertions that linally must tend to digniiyfl 
and enrich a nation with many invaluable advantages i 
especially as the itaid government would have an oppor* 
timity of previously witnessing the persevering cndea--fl 
VQurs of such persons, who had iirst set their own sboul- ' 
dcrs to the wheel, before they ciied out to llcreulcs. 

\Vc shall now unfold to the i-cader the labours of a| 
more iudu^itrious class than those first mentiuned. 
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BBLiooRy in his Science des IngemeurSf gives ns the 
following^ aceount of his experimeitts on the strength of 
the side grain of timber ; by placing weights on tbM 
middle of their lengths* 

Ist Experiment. Three oak bars, eaeh one ineh 
square^ by 18 inches long» placed horizontally^ with tlieiv 
ends loose. The medium weight that broke them was 
M6 pounds. 

dd - do - Three dak bars of the same siaa 
as the former^ with their ends firmly fixed> were broken 
by the medinm weight of 608 pounds. 

Sd - do - Three oak bars, 2 inches broad^ 
by one inch deep, by 18 inches long, with their ends loose^ 
were broken I^ the medium weight of 805 pounds. 

4th - do - Three oak bars, one inch broadji 
hj 2 inches deep, by 18 inches long, with their ends loo8e» 
were broken by the mediiim weight of 1580 pounds. 

5th •do - Three oak bars, one inch square^ 
3 feet long, ends loose, werebroken by the medium weight 
of 187 pounds. 

6th - do - Three oak bars, one inch square^ 
3 feet long, ends firmly fixed, were broken by the me- 
dinm weight of 283 pdunds. 

7th - do - Three oak bars, 3 inches square, 
3 feet long, ends loose, were broken by the medium weight 
of 1585 pounds. 

8th - do - Three oak bars, one inch and | 
broad by %i deep, and 3 feet long, ends loose^ were broken 
by the medium weight of 1660 pounds. 

If we compare experiment the first with experiment 
the third, the strength will appear proportional to the 
breadthy the length and depth of eack pieee being the 
same. 

33 
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If the first with the fourth, the strength appears a» 
the square of the depth nearly, the breadth imd length 
being the same. 

If the first with the fifth* the strength will be se^a 
to be nearly as the length, inversely, the breadth and 
depth of each pieee being the same. 

If the fifth with the seyenth, the strength will ap- 
pear to be nearly in proportion to the breadth, multipli- 
ed by the square of the depth, the length being the same 
in both. 

If the first with the serenth, the strength is as thd 
square of the depth, multiplied by the breadth, and di- 
vided by the length. 

Experiments 1st and 2d show the inerease of the 
strength, by fastening the ends, to be in the proportion of 
dtoS. Experiments the 5th and 6th show the same 
thing; 

By the whole of the above experim^its, it appears that 
the rule founded on the Galilean hypothesis, for &iding 
the comparative strength of timber, is nearly true; 

M. Bufibn and M. du Hamel, also men of acknow- 
ledged abilities, were directed by the government of 
t^'rance to make experiments on this important subject ; 
and were supplied with ample funds and every suitable 
apparatus they could need ; they also had the choice of 
the best subjects in all the forests in France. 

The reports of M. Bufibn may be found in the Me- 
moirs of the French Academy, for the year 1740, '41, 
'42, and 1768 ; and those of M. du Hamel, in his work, 
Sur V Exploitation des Arhres, et svr la Conservation et 
la Transportation At Bois. 

We shall now give a brief account of M. BuflTon'u ex- 
periments on timber. 



ON TIMBER, &c. n 259 

Flntf He shewed that a batten euf out of a tree with 
^^ hard fibres or eyiindrie hoops running through the 
deepest piurt^ and placed perpendicular to tlie horizon^ 
would be stronger than a batten of the same size with 
the hard fibres passing through horizontally or in oppo* 
site direction, as 8 is to 7, for the same reason that an 
assemblage of planks, set edgeways, willbe stronger than 
the same number laid flat and piled on each other. 

His next experiment was the trial of the strength of 
ten pieces of sound oak, 4 inches square, the third day 
after the said timber was cut down. 

The first jriece was 7 feet long, 4 by 4, weighed 66 
pounds, bore for the space of 22 minutes 5275 pounds, 
iient 4 inches and 5 parts of a hundred before it broke. 

The second piece was the same size as the first, and 
weighed 60 pounds, bore for 29 minutes 5350 pounds^ 
bent Sinctes and 5 parts of a hundred before it broke. 

The third piece was 8 feet long, 4 by 4, weighed 6S 
pounds, bore for 13 minutes 4500 pounds, bent 4 inches 
and 7 parts of a hundred before it broke. 

The fourth piece wi^s the same size as the tliird, and 
weighed 68 pounds, bore for 15 minutes 4600 pounds, 
bent 3 inches and 75 parts of a hundi*ed before it broke. 

The fifth piece was 9 feet long, 4 by 4, weighed 71 
pounds, bore for 12 minutes 3950 pounds, bent 5 inches 
and 5 parts of a hundred before itbiroke. 

The sixth pieee was the same size as the fifth, and 
weighed 77 pounds, bore for 14 minutes 4100 pounds, 
bent 4 inches and S5 parts of a liundred before it broke. 

The seventh piece was 10 feet long, 4 by 4, weighed 
82 pounds, bore for 15 minutes 3600 pounds^ bent | 
inches and 5 parts of a hundred befoi*e it broke. 
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The eighth piece was the 3ame size as the seyenth^ 
vreighed 84 pounds, bore for 15 minutes &62B pounds^ 
(bent 5 inches and 83 parts of a hundred before it broke. 
The ninth piece was 12 feet long, 4 by 4, weighed 98 
pounds, bore 2925 pounds, bent 8 inches before it broke. 
The tenth piece was the same size as the ninth, and 
weighed 100 pounds, bore 3050 pounds, bent 7 iaphes be- 
fore it broke. 

Each of the first three pairs consisted of two cuts 
of the same tree ; the one found next to the root was 
always found to be the heaviest, stiflfest and strongest ^ 
firom which M. Bufibn recommends a certain and sure 
rule for estim^,ting the goodness of timber by its weight. 
Other experiments were also made by M. Buffon on 
fteyeral pieces of sound oak timber in a green i^tate, of 
4ifierent scantlings, which were as follows : 

Inches. Practice. Theory. 

The Ist piece 7 ft. loing, 5 by 5, bore 11,525 lbs. 1 1,525 
2d piece 8 ft. long, 5 by 5, bore 97Z7 lbs. 10^85 
3d piece 9 ft. long, 5 by 5, bpre 
4th piece 10 ft. long, 5 by 5, bore 
5th piece 12 ft. long, 5 by 5, bore 
6th piece 14 ft. long, 5 by 5, bore 
7th piece 16 ft. long, 5 by 5, bore 
8th piece 18 ft. long, 5 by 5, bore 
9th piece 20 ft. long, 5 by 5, bore 
10th piece 22 ft. long, 5 by 5, bore 
12th piece 24 ft. long, 5 by 5, bore 
14th piece 28 ft. long, 5 by 5, bore 
15th piece 7 ft. long, 6 by 6, bore 18950 lbs. weight 
16th piece 8 ft. long, 6 by 6, bore 15525 lbs. weight 
17th piece 9 ft. long, 6 by 6, bore 13150 lbs. weight 
18th piece 10 fit. long, 6 by 6, bore II 250 lbs. weight 
19th piece 12 ft. long, 6 by 6, bore 9100 lbs. weight 



8308 lbs. 


8964 


7125 lbs. 


8068 


6075 lbs. 


672;3 


5300 lbs. 


5763 


4350 lbs. 


5042 


37Q0 lbs. 


4482 


3225 lbs. 


4034 


2975 lbs. 


3667 


2162 lbs. 


3362 


1775 lbs. 
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laches. Practice. Theory. 

The 20di piece UA.Jongj 6 by 6, bore 74^75 lbs. weight 
■8 1 si piece 16 ft Jpng, 6 by 6, bore .6362 lbs. weight 
3*2d piece 18 ft. long, 6 by 6, bore 5563 lbs. w<^|ght 
23d piece 20 ft. long, 6 by 6, bore 4950 lbs. weight 
.34th piece 7 ft. long, 7 by 7, bor<e 32200 lbs. weight 
25th piece 8 ft long, 7 by 7,, bore 26050 lbs. weight 
26ih piece 9 ft. long, 7 by 7, bore 22350 lbs. weight 
27th piece 10 ft. long, 7 by 7, bore 19475 lbs. weight 
28th piexe 12 ft. long, 7 by 7, bore 16175 lbs. weight 
29tL piece 14ft. long, 7 by 7, bore 13225 lbs. weight 
30th piece I6 It. long, 7 by 7, bore 11000 lbs. weight 
31st piece 18 ft. loni;, 7 by 7, bore 9245 lbs. weight 
32d piece 20 ft. long, 7 by 7, bore 8375 lbs. weight . 
33d piece 7 ft. long, 8 by 8, bore 47649 lbs. weight 
a4th piece « ft. long, 8 by 8, bore 39750 lbs. weight 
35th piece 9 ft. long, 8 by 8, bore 32800 lbs. weight 
36th piece 10 ft. long, 8 by 8, bore 27750 lbs. weight 
37th piece 12 ft. long, 8 by 8, bore. 23450 lbs. weight 
38th piece 14 ft. long, 8 by «, bore .19775 lbs. weight 
39th piece 16 ft. l<Mig, 8 by 8, bore 16375 lbs. weight 
40th piece 18 ft. long, 8 by 8, bore 13200 lbs. weight 
41st piece 20 ft. long, 8 by 8, bore 1 1487 lbs. weight. 

M« Bufibn 4d>8eryes that he found, by numerous ex- 
perimentsy that oak timber lost much of its strength by 
drying, or seasoning ; and therefore, in order to secure 
j^niformity, his trees were all felled in the same season 
of the year, were squared the day after, and tried on 
0ieth]i*d day, in their green state. 

M. Buffi)n considers tlie experiments on the five inch 
bars as the standard of comparison, haying both ex- 
tended these to a greater length, and haying tried more 
fieees of each length. 
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From the above experiments some cooclusio&s re^ 
epecting the laws of the strength of oak timber may be 
deduced ; from which it will be seen that the theory es* 
tablished is by no means accnrate. 

EXPERIMENTS made bt M. DU HAMEL. 

He took 16 bars of willow^ two feet long and half an 
inch square, and supported them by props under the tends : 
he broke them by weights hung on their middle, four of 
them by weigUs of 40, 41, 47, and 52 pound&*; the mean 
is 45. 

He then eut four of them 4 through, from the upper 
side, and filled up the eut with a thin piece of harder 
wood, stuck in very tight : these were broken by weights 
of 48, 54, 50, and 52, the mean of which is 51. 

He cut other four half through from the top ; they 
were broken by 47, 49, 50, and 46, the mean of which 
is 48. 

The remaining four were cut f through from the top 
edge, and their mean strengtli wa«r 42. 

Q^ Another set of experiments, still more remark* 
able, by the same author. 

Six bars of willow, 36 inches long, and ±i square, 
were broken by B2Si pounds, at a medium. 

Six bars were cut } through, and the cut filled with a 
wedge of hard wood, struck in with little force ; those 
broke with 551 pounds. 

Six bars were cut 4 through, and the cut was filled 
up in the same manner ; they broke with 542 pounds. 

Six bars were cut I through, and loaded till nearly 
broken : were unloaded, and the wedge taken out of the 
cut 3 a thicker wedge was put in tight, so as to make the 
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bar straight again, by filling up the spaee left by the 
eompression of the Irood : this bar broke with 67T 
pounds. 

ON THE ABSOLUTE STRENGTH OF TIMBER. 

The strain which arises by pulling timber in thedi- 
reetion of its length is called Tension*. 

The absolute strength of a fibre, or small thread of 
timber, is the force by which every part of a fibre is held 
together, which is equal to the force that would be re- 
quired to pull it asunder; and the force that would be 
required to tear any number of threads asunder, is pro- 
portional to all of them ; but the areas of the sections 
of two pieces of timber composed of fibres of the same 
kinds are as the number of fibres in each ; and there- 
fore the strength of the timber is as the area of the sec- 
tions. 

Hence all prismatic bodies are equally strong ; that 
is, they will not break in one part more than another. 

Bodies which have unequal sections will break at 
their smallest part, if it be between the ends ; and there- 
fbre, if the absolute strength which would be required 
to tear a squared inch of each kind of timber be ascer- 
tained, we may easily determine the strength of any 
otlier quantity whatever. 

The following table is taken from Muschenbrook's 
experiments. He has described his method of trial mi- 
nutely. The woods were all formed into slips fit for his 
apparatus, and part of the slip was cut away to a paral- 
lelopiped form, \ of an inch square, and therefore the 
25th part of a square inch in section } the absolute 
strength of a square inch was as follows ; 
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Ibs^ 




Ibt^ 


I/>e^8t tfiDCf^ 


5BO4O0^ 


l^om^gFttna^ 


. 9,750 


Jujeb^ - • 


18^500 


Lemon, - - 




OakandBec^h, 17,300 


Tamarind, - 


8,750 


Hhtokg^f - - 


±B,BWi 


Fir, ^ . - 


8,330 


AMer^ - - 


13^909 


Walnutr* - 


8,130 


£Il1l9 - - 


13^900 


Viieht Pikie^ 


7,656 


Mulberfyr - 


12,^0 


<il»nce, • 


6,750 


WiHf^Wi - . 


12^500 


Cyfrew, 


6,600 


Ash;* - - 


i%ooa 


Pedlar, -^ * 


5,5(^ 


Ploin^ * - 


11,800 


Cedar, - - 


4,880 


Elder, - * 


10^006 


Sycamore^ - 


4,500 



^ M. Maschettbroek ha« giveii a very minute detafl of 
the experiBientfl on the two timbers Ash and Wafatut, 
stating the wei^t irhieh will be required to tear asniH 
der sMps takea from the four sides of the ixe^f and on 
each side in a regular progression, from the centre to 
the circumference. The numbers of this table corres-" 
pondkfg to the two timbers, may therefore be considered 
as the average of more than fifty trials made on each \ 
and he says, that all the others were made with the samio 
tsare f therefore there is no reason for not coniiding in th^ 
results. 

PRACTICAL OBSERVATIONS. 

The following observations on Woods will be of great 
use to the practical carpenter, in making a proper choice 
of timber, according to the purposes he may want to 
employ it for. 

1st, The wood immediately surrounding the pith or 
heart is the weakest, and its inferiority is so much more 
remarkable as the tree is older. Muschenbroek's de- 
tail of e:8:periments is decidedly in the affirmative. 
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M. fiUFFONy on 4ihe other hand, says that his-experi* 
enoe has taught him that the heart of a sound tree is the 
strongest, but he gires no instances ; it is certain, from 
other experiments on large oaks and firs, that the 
heart is much weaker than the exterior parts* 

2d, The wood immediately next to the hark, common^ 
ly called white or falea, is also weaker than the rest, and 
'the wood gradually increases in strength as we recede 
from the heart to the blae» 

3d, The wood is stronger in the middle of the height 
of the trunk than at the springing of the branches, or 
at the root, and the wood of branehes is much weaker 
than that of the trunk. 

4rth, The wood on the north side of all trees, which 
grow in the European climate, is the weakest, and that 
of the south side is the strongest ; and the difiercnce is 
most remaricable in hedge-row trees^ and such as grow 
singly. 

5th, The heart of a tree is neyer in its eentre, but al- 
ways nearer to the north side, and the annual coats of 
wood are thinner on that side. In conformity to this it 
is a general opinion of carpenters, that timber, is strong- 
er whose annual plates are thicker. The traehefc, or 
air vessels, are weaker than the simple ligneous fibres. 
These air vessels are the same in diameter and number 
of rows, in trees of the same species, and they make the 
visible separation between the annual plates. There- 
fore, when these are thicker, they contain a givater pro- 
portion of the simple ligneous fibres. 

6th, All woods are more tenacious while greem and 

lose very considerably by drying after the tree is felled. 

34< 



966 GENERAL REMARKS 

ON THE COMPRESSION OP TIBIBEH. ' 

In considering strains of this kind, it is absolutely im- 
possible to conceive bow a piece of timber, that is pf?r- 
fectly straight, can be bent, crippled, or broken, by an; 
force whatever acting at the extremes. Bnt suppose 
the smallest force whatever, acting in the middle, or on 
the side, in a direction perpendicular to the length ; 
this force will be sufficient to give it a small degree of 
eurvature, and if a strong force be supposed to act at 
the ends at the same time, each pressing the timber in 
the direction of its length, these forces will greatly con- 
tribute towards breaking it. 

It is therefore admitted, that if a piece of timber b^ 
bent, or if the fibres of that timber are not quite straight, 
there is a certain force which, if acting at the ends, 
v/iU break it. 

But it is also insisted, that a piece of sound oak tim- 
ber^ of small dimension, placed upright, and steadied on, 
its sides, as in a waU, with apiece of sheet iron on each 
end, to prevent the perforation of any uneven bodies that 
may come upon it to divide the fibre, would bear a great- 
ev weight than could possibly be piled or built upon it. 

The first author who has considered the compression 
of columns with attention is the celebrated Eulery who 
published, in the Berlin Memoirs for 1757, his Theory 
on the Strength of Columns. TTie general proposition 
establishi^d by his thefory is, that the strength of pris- 
matic columns is in the direct quadruplicate ratio of 
their diaibeters, and the inverse ratio of their lengths. 
He prosecuted this subject in the Petersburgh Commen* 
taries for. 1778, c6nfirming his former theory. Jlfti^- 
clicfibrQek has compared the theory with experiment, but 
the comparison has been very unsatisfaotory ; the difier- 



\ 
\ 



\ 



ON TIMBER, &c. 2^ 

eilce from the theory being so enoronous as to afford no 
argument for its justness, neither do they eontradiet it ; 
Ibr they are so very anomalous as. to afford no eonelusion 
or general rule M'hateyer. 

' EMERSON'S EXPERIMENTS ON TIMBER. 

The proportion of the strength of several sorts of 
wood, (hat he had proved, will appear in the following 
table. 
Oak, Box, Yew, and Plum, 11 Beech, . . . . 6| 

Ash, Elm, 8J Cherry tree, • - 6J 

Walnut, Thorn, - . . 7| Willow, - - - - 6^ 
Red Fir, Holly, Plane, - 7 Alder, A$p,Bireh, 6 
Ci*ab tree. Elder, - - 7 Hazle and White Fir. 6 

A eylindrie rod of good clear Fir of \ and ^^of an 
inch square or an inch circumference, drawn in lengths 
will bear at extremity ^i^OOlbs. 

A Spear of Fir, 2 inches diameter, will bear 7 ton» 
but not more. 

A good hempen rope, of an inch ciroumference, will 
bear lOOOlbs. weight at extremity. 

A piece of sound oak, one inch square, and one yard 
long, supported at both ends, will bear in the middle 
330lbs. 

A piece of sound oak, one inch square, and one foot 
long, supported at bodi ends, will bear in the middle 
liOOlbs. 

A picc^e of elm, 1 foot long, and one inch square, wiU 
bear 930 pounds. 

A piece of Fir, 1 foot long, and one inch square, will 
bear 770 pounds. 

The weight of sound live oak is from 80 to 112 pounds 
per cubic foot. 
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Tbeweigbt of Muntf white oakisfimn MtoMpaund^ 
the euMc foot* 

The weight of pitefa pine }» from ^S to M pmmdt liMi 
cubic foot. 

The weight <^ white i^iie is from 40 to 4S pounds the 
cubic foot* 

REMARKS ON STONE AND BRICK. 

The weight of this first material is as diverse as thflA 
of timber, and the strength thereof is to be ase^rtaiii'* 
ed thereb jy to as great an amount as any other materiaL 

The weight of Marble is from 250 pounds the cubie 
foot, or 9 feet to the ton ^ to 140 pounds, or 16 feet to th# 
ton* But the averse weight of the best Italian Mar* 
ble is 12 cubie feet to the ton. 

A column of Mm-Uc of this specific graTity last men'- 
tioned, six feet diameter, would sustidnmore weight ihsai 
ean be, placed upon it. 

The weight of mountain Granite, is from 224 pounds 
the eilbic foot, or 10 feet to the ton ; to 140 pounds, or 
16 feet to the ton. But the average weight of the best 
Granite is 13 cubie feet to the ton. 

A column of Granite of this last specific gravity, 5 
feet diameter, would sustain more weight than can be 
placed upon it. 

The weight of Portland, Purbec, and Hannam stone» 

is found to be from 160 pounds the cubic foot, or 14 feet 

to the ton, to 112, or 20 feet to the ton. But the aver- 

^ age weight of the best sort of these stones is'found to 

fte 15 feet to the ton. 

A column of Portland, or Hannam stone, of the said 
specific gravity, 7 feet diameter, would sustain more 
weight than can be placed upon iU 
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Tke best brewn Seeond Riyer Jersey stene (North ^ f 

jjyneriea) fin* majestic aj^earanee, (especially in iargir 
publie buildings) soundness of texture^ and consistenejt 
of strength) is not to be exceeded by the stone in any 
other eouatry of the worUL Its ayerage weight is fironi 
100 to 140 pounds the cubic fbot. 

A column of this stone, *7 feet diameter, would carry 
more weight than can possibly be built upon it* 

There are many other sorts of stone which are doubt-. 
less not inferior to those we have cited, not only to be 
found in other countries, but also in the rich mines of the 
United States, which in years to come, when the profess** 
ed sons of art are better acquainted with their yaluable 
quality and use, will be disposed of to greater advan* 
tage than is witnessed in the present day. 

The weight of hard wcll*bumt brick will be found to 
be from 114 to ISO pounds the cubic foot. 

A column of brick, of the last mentioned weight, well 
laid in good cement, 9 feet diameter, would sustain more 
weight than can be built upon it. 

REMARKS ON IRON, &c. 

GOLD is unalterable by art, and the heaviest of all 
known bodies ; will so expand that a grain may be beaten 
into a leaf of fifty square inches ; and a Gold Wire, one 
tenth of an inch in diameter, will suspend or support 
500 pounds weight, without breaking. 

Next to this valuable metal for strength is IRONf 
This is the hardest, the most elastic^ and^ except Tin, 
the lightest of all metals. 

An Iron wire, one tenth of an inch in diameter, will 
carry or support 450 pounds weight, without breaking* 

An Iron rod, one quarter and one sixteenth of an inch 
square, will carry 3 ton, without breaking. 
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^ Aa Iron lMur» €m inch sq«iMf irill veqain m ibriitf 
MOO pooBds weight to bmd^ it, by the am rf akfer^ 
iftehes. 

Ao Iron bar, 4 inches sqnare, irill roqainim fiitaaif 
S88,000 pounds weight to break it, by the above meaifc 

An inch square bar of the best Swedes iroBt i£inetei 
long, will weigh S ponnds, ±9. onnees. ' . 

An inch round bar of the best Swedes iroBf lEkieho* 
long, will wcig^ 3 pounds. 

81LVKR is nearly as ductile as goU. A wire of ki 
one tenth of an inch diameter, will sustain 5170 poaadib 

COPPER, though an imperfect metal, comes near to 
silrer in point of duetiUty. A wire as abore will sup- 
port 299 pounds. 

TIN is the lightest, least elastie, or sonorous of any 
metal. A ^iie as above will support50 pounds. 

LEAD is still softer than tin ; a wire as aboYC wlH 
only support 29 pounds. But those four last artides 
have little to do with the materials that are most 
generally used in building. We shall now pass on to a 
recapitulation of the experiments here recited, and offer 
some remarks thereon. 

RECAPITULATION. 

First, We admit that timber of the same species 
Widelydiffersin various countries in its growth, strength, 
texture, and durability, from obvious causes : namely, 
soil, situation, seasons, and climate. Hence the light- 
er the soil, the warmer the clime, and the less exposed 
the situation, the quicker will be the growth of the 
tree, the softer and more weak the substance, the li^t« 
cr and less durable the timber. While, on the contrary, 
the tougher the soil, the cooler the clime, and the more 
open and exposed the situation^ the slower will be the 
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gronFth of the tree, the more firm and compressed its 
texture, and the more weighty, strong, and durable, 
the timber. 

Henee theBoman Oraele YiTumriusyand his succes- 
sor Paxladio» and other practical men in those days, 
irho irere well acquainted with these facts, confirmed 
this opinion, by estimating the Oak's growth, perfec- 
tion, and decay, in those parts, to be an hundred years 
for each article. Ah ! say some (to whom the vroftds 
<tf Alexander Pope will justly apply), we know better 
than the ancients ; for 

We think our &thers fools, so wise we grow ; 
Our wiser sons, no doubt, will think us so. 

But the author has, in the course of his short expe- 
rience of thirty-three years in the science of Architecture, 
abundantly witnessed the timber in many antique build- 
ings corroborating the above estimates to their fullest 
extent. 

Therefore, if we wish to reconcile the great diflerenco 
existing between the experiments of the celebrated 
eharaclers first mentioned, the author knows of no other 
method than to conclude, that when Duhamcl informs 
us that an inch bar of oak 3 feet long would carry no 
more than 131 pounds without breaking, that it must 
have been of such timber as grew in a very light sandy 
toil, and, being half smothered with the branches of other 
trees, it was impossible that the strength thereof could 
be equal to those in a more open situation. 

And as to Belidor^s experiments on pieces of oak of 
the same size which bore 56 pounds more each^ we must 
naturally suppose that his timber grew in a more favour • 
able situation to the former. 

But when we come to the experiments of an Emerson, 
where he tells us, that a bar of oak 3 feet long, by one 
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imh flqnitre, the size of the former, bore 330 peiiiid% 
Iieiiig201 pounds more tliHtitliDBO of Duhamel wb i 
indeed believe that )its timber grew in a difibrent clintB 
an*) soil) and was of a fai- superior texture to either at 
the former. 

Btlt,howcver,these3tranf:ediflerenees,(aiidB; 
the reader niaj notice) in the ascertaining of the pr* 
(luctof the strength of different pieces of timber by 1 
foregoiiig experiments may be aeeounted for, the greail 
diversity of opiuiun tliat existi^ between lliese wise tan 
as to the part of a tree wherein the strongest timber i 
to be found, as aKo the clime, appears more lrreeai|< 
cileable than the former, and is not so easily palliated 
for there can exist but one conclusion witli the man i 
information and praclieal experience, whii-li is, th] 
from a small distance from the face of the ground, evei 
foot in the length of the shaft, upwards, decreases iiiii 
firmness, strength, and weight ; likewise, as one oflhc atl 
Ibors referred to admits, the hranehes are inferior to thi 
whole, also, if the tree divides as a fork, both Iheprongi 
or stems thereof, are inferior in strength (o w hat a sin 
glo shaft would he. fint, as to the real strength of tim 
ber, much depends on the age of the tree when cut down 
the season of tlie year, and the mode of treatment i 
receives after it is cut down, in seasoning. 

But the lU'st or best plan to preserve the vital strcng^ 
of the limber Is, first, to girdle the tree nearly ten 
with the ground, cut off its head, lop off its hranchi 
strip off its bark, and iet it stand, two, four, or t 
months hefore it is cut down, and the timber there 
will endure beyond that of the adjoining tree of eqtu 
goodiiess cut down and seasoned any other way. Bt 
this last arlielc Is somewhat adigrcssionXrom Dam 
cl\jcet, though valuable to be known. 
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It has been asserted by s< 



c lliat the wood ii 



d imtnpdiate- 
r ht^art uF a ti-ee is tlie weak- 
est, and tliei-e is no doubt of its correctness, but tliat 
the tiinberon the north side or a tree is weaker than 
that on the sontb, never was correct, for tht most ob- 
vious reasons; first, the same number of ligneous iibi-es, 
orcylindric hoops, wliicli surround the heart, U to he 
found on the norUi side of a treci as on the somh* and 
as the heart of a tree is never to bo found in tlie oentre* 
but always nearer to the north side, the annual coats of 
vood must of course be tliinner on that side, and as it is 
a well known axiuin, that wheUier Umber or iron, the 
finer the grain, the stronger and heavier the material j 
esiiecially in timber, inasmuch as the medullary sub- 
stanceor the marrow between flic grain isof less strengtli 
than the hard fibres. Second, as it is also an axiom 
that the ijuickcr the growth of a tree, the sooner will it 
decay, so also that side of a tree which grows the fastest 
will be more infirm, and of less durability, as it is alone 
by (he eold blast of wind and teHi)icst that the grain 
of the knotty oak is compressed and made strong;;. 



THE COMPRESSION OF TIMBER. 
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^^Plnyto the present day, conseijucntly as little miderstood. 
The anihor has abundantly proved to the satisfaolion 
of himself and many others who have witnessed his re- 
peated experiments, tliat the larger (he cube of timber, 
the greater in proportion will he tliu extra strength or 
resistance gained by the tenacity of its end-gi-ainj hence 
be liiis found, that if one culiic iueb of timber would 
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bear but one ion, four enbie inebes mited bms bone fiT9 
tons* Other sizes between these baTe also eorroborated 
the same inerease of strengthin pn^iiion; and aeeofd- 
iDg to the aboTe experiments he has a r^ht to eoneludef 
that a single enbie foot of sonnd oak will, by the same 
mle, sopport onits end-grain 180 tons at the leasts thongh 
Muschenbroek in his experiments giTes ns only 118 and 
1^7 tons to a log 12 inebes square ; bothisexperiments^ 
be informs ns, was with logs from 5 to 10 feet long» un** 
steadied or unsupported on the sides, by wfaieh the 
see the eause of the defieieaey.* 



THE TENSION OF TIMBER. 

By the extensive and minute detafl of the ej^riments 
of*Vu«ehfn&roe^% the reader will diseoTer that timber, as 
to its tension, and also eompression, is not that weak and 
watei7 substance, so easily afieeted, as the blind theo- 
rists of our time would hare them beliere. Hence 
we find, tiiat it will take a force of 20,100 pounds to tear 
asunder a bar of locust one inch square, and 17,500 
pounds wei^t to accomplish the same operation on an 
inch bar of oak. 

Therefore, by these two grand objects being ascer- 
tained, namely, the extent of the Tension and Compres- 
sion of timber, the reader is put into the possession i^ 
the most simple and true means, whereby he may pro- 
ceed to ascertain for himself the practicability of a tim- 

• An the timber in the authors biidge, wfaidi is ciUed to bear vd^ 
if not only steadied but whoHy surnmnded and snpparled on-eveiy side* 
wlueh is an incontrofertftde reason why it should cany tripk the wei|^t 
tiua Muschenbroek's e^teriments profcd. 
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ber Bridge on the author's plan^ to any extent ; mthout 
the assistance of any of the Sir Isaac JWwfons of the 
present day. 

Only a few questions will be needed to deelde the fact. 
First, What is the absolute weight of the arm of a 
half Bridge, 100 feet in length, on this plan of in- 
yention? 

Answer* 476 tliousand 700 pounds, reckoning the 
oak timber to weigh 60 pounds tlie cubic foot, and the 
pine 44f. 

Second, What is the amount of pressure produced on 
the fulcrum by tiie above gravity, when multiplied by its 
own proportional distance therefrom ? 

Answer. 14 millions, 885 thousand, 996 pounds. 

Third, What number of end-grain superficial feet of 
timber will be required in each rib, at the fulcrum, to 
4iupport the last-mentioned weight, according to the laws 
that Muscheiibroek^s experiments establish ? 

Answer. The smallest weight that MuschenhroeJ^g 
experiments furnish for a log of 12 inches square to sup* 
port on its end-grain is 264,000 pounds. According to 
this calculation, the whole ofthe above weightof the twa 
ribs would be supported on the superficies of 56^ feet ; 
consequently, each rib, at the part next the fulcrum, 
must possess 28-^ feet, which is not above half what each 
rib will furnish. 

Fourth, Wliat does the inherent strength or force of 
the arm of this Bridge consist of, whereby it is rcnd^v 
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ed capable or Bupporting its own gravity uid eflfectu 
renHting the sLi'aiD thereof i 

Answer, A 8uf1i<-ient quantity ofthe absolute strength 
of the length-^ain of timber) to resist its strain or 
tension, an<t alno a sufficient superSciee of cnd-grainy^ 
to support its lyeigLt, and resist compreasioo. H 

Finh, How is this furnished? '^ 

Answer, The devk or Aour of Bridge, with the cap- 
plates, and string-pieecs, will ruruish alone, at Uie least, 
at the abutment, 1944 square inches of timber. We 
shall, therefore, by the same author as before referred 
to (as his experiments are doubtless the moet conclu- 
sive,) lie guided in our ealeulutions. 

Muschenbroek informs us that a single bar of oak, one 
inch square, will lake 17 thousand 300 pouuds weight to 
tear it asunder by Tension. Then of eourse we conclude 
that it will also require 33 million, 631 thousand, 200 
pounds, to tear asunder 194')t inches by the same rule ; 
which is inoi-e than double the whole amount of the 
multiplied weight of the projecting arm of the half 
Bridge from the falerum, or the power of this lever 
of a hundred feet. 

Also the supcrficiea of the end-grain timber of the 
arehivolt-rails, and the lower needles, are more than 
triple the quantity required to resist the compression of 
the under or lower part of the said arm, by the laws of 
the strength of timber thus ascertained. 

There are also many other means of strength existing 
in the eoDstruction of the author's Bridge, the whole of 
which arc multiplied at pleasure, to the rcquii'ementA 
of an arm of any magnitude. 
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FSaftOgv As to the. uiiemng^ prineiples on. infhieh thk* ' 
invention is founded^ whilst on the one hand they have 
attraeted the respectful attention and admiration of men 
of liberal science and sound jud^ent ; on the other 
hand they have by their simplicity and importance eon-^ 
founded the skill and excited the rage of many a bpok- 
tbeorist of higb rank amongst u», vfho could not sup- 
pose that this invention >¥as truCf otherwi^ they 
alonoy by their wisdpm» must have found it out ; &om wjueb 
the author is led to conclude^ that 

Some are bewildered in the maze of schools, 
And some made Doctors Nature meant but fools; 
In search of wit these lose their common sense) 
And then turn critics in their own defence. 

Alexander Pope. 
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m TESTIMONT 

WHkb ShipirrightB of Nev-Tork, on the Bxami 
tbe Grand Model* of T. Pope's Patent Br 

TO THE PUBUC. 

' TFe Trhose names are herennto affixed, having 
1 J examined the Grand Model of Mr. Thoma 
Patent Bridge with a sia^e arc, on the prineip] 
lever, pursuuit to a meeting called for that 
deem it a dutj we o« c, not only to the skill of t] 
tor, but the Public at large, to bear the followin 
tial testimony of its true merits. 

First, We are convinced that a formation of 
according to the inventor's p]an,fuFmshe8 more 
for its intended purpose than any other we hi 
have known- 
Second, We have no hesitation in asserting 
joint opinion, tliat the strength thus furnished 
than equal to all that ean be needed. 

Tliird, We are satisfied that by this invention 
may be built to any rational extent. 

Fourth, It is our opinion that such Bridge 
every sense of the word preferable to all othen 

* Tbe above Model tnw bulk to illustrate ■ Bridge auitab 
tbe East niver »t New-York, witb a eingle arc, tbe chor 
would be IBOO feet, tbe Altitude or vened sine 333 feet, the 
were built in the form of so nianj warehouses, and tbe whole 
cdby a scale of 3-8of aninchto one&ot ; the length of M< 
Bridge, in real meBsure, is neariy fiftj feet. The weight that 
ported wm of this dlminudve Model bore at one time, sine 
bas been ten tons ; and which baa astonished tbe mind o 
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h&p heretofore inyented, on aeeount of their superior 
strength^ diirability> and chaste preservation of nayiga- 

tion. 

SIGNED, 

FoRMAN Cheesman, Jonathant Gorham, 

Christian Bergh, Francis Gantz, 

Henry Eckford, Jacob Weaver, 

Adam Brown, John Airman, 

Noah Brown, "William Millen, 

Geo. James, Joseph Webb, 

Joseph White, Amos Cheney, 

William Ball, Elisha Blossom, 

Samuel Thorne. 

The above Testimony was published three times in 
each of the following public papers of New-York, viz. 
the Evening Post, the Citizen, and the Mercantile Ad- 
vertiser. 

CHAIN BAR ARC. 

The author's patent chain bar arc is of important, 
though simple construction. The various modes of 
placing the iron links in the internal part^ whereby tlie 
perpendicular weight is sustained without producing the 
least lateral pressure, will be found to be of curious in- 
vention. Fig. 14, Plate 3, describes an arc of this kind 11 
feet wide, and one of the modes adopted in placing the 
chain and the bars by which the arc is held together. 
The internal bands which are let into each stone, that 
not only carries the weight but also prevents the stone 
from bursting by pressure, are of various forms. Thjs 
arc will be of great importance, where spacious porti- 
coos; and openings, arc required to heavy buildings. 
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J, ike liadf A RAintow fishing ma. yxnx shore 
AVlifle its i;wiii. partner flpAii8 tlie femi 6*er 
.And make a a, -perfect ^whoie 'Quit jxeeB tuad «A-rt 
Till time Ihab farnia Kd xu ik noisier Ktt . . 
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CONCLUSION. 
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lET the broad arc the spacious HUDSON stride. 

And span COLUMBIA'S rireps far more wide j 

Convince the world AMERICA begins 

To foster Arts^ the ancient work of kings. 

Stupendous plan ! which none before e'er founds 

That half an arc should stand upon the ground^ 

TTithout support while buildings or a rest ; 

This caus'd the theorist's rage and sceptic's jest* 

Like half a rainbow rising on oni^ shore^ 

While its twift^jNurtanr spans the semi o'er^ 

And makes a perfect whole^ that need not partt 

Till time has f nmish'd us a noUer art. 

The muse with humble flight will now unfold 

The myst'ries of a woric that ne'er was told ; 

Delineate the plan by simple rules. 

That those who can't believe may prove they're fools.- 

One single arc, whate'cr the span may be. 

Of river, lake, or swamp, or arm of sea. 

Is all it needs, so wond'rous is it plann'd. 

To form a spacious Bridge from land to land. 

The towering poles of navies in full sail 

May pass this arc in e'er so brisk a gale. 

And ships at anchor ride beneath the arm. 

Or moor to shelter'd wharf, secure from harm. 

Thus navigation chastely is preserved. 

And sons of commerce lose not their reward. 

3G 
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The hutment's buUtof stoiie^ where atone is fonnit 

For nought can last so long or keep so sound ; 

But if the plate should timher only grants 

Then stone andiron the huilder will not want. 

The length of hutment's not» as man ha?e told, 

80 long to eut a city in two-fold ; 

For rivers North and East may have a BridgCf 

And streets callM South and West may hound their ridge« 

If half the arc a thousand feet demand^ 

One hundred is enough upon the land. 

To form the hutment and the steelyard's prop, 

Which halances the power, lest it sh(Mild drop. 

This hutment must more gravity possess 

Than flying arm hy wei^t can furnish stress ; 

Consolidation of a mass of stone. 

Of towers erect, like those which China own ; 

Buthest when hutments form a group of stores. 

To house the treasure brought from distant shores : 

The rent they furnish pays the building's cost. 

Which in all other Bridges must be lost. 

The stones that first compose the fulcrum's base 

Are large and massy, but of even face. 

Well bonded by their square and equal form. 

So closely plac'd to leave no room for worm. 

Or spurious matter of a worthless kind. 

That oft is fill'd, in walls, in hopes to bind 

The unconnected parts, which ne'er did rest ; 

These make hut cobwebrstructures at the be&t. 
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The mortar ali is ground widtiit a mill ; 

The only laboar is the liods to fill ; 

One horse and boy for twenty mm provide 

With cement better madef more eheap beside. 

The arms of Bridge are built of stone or wood^ ^ 

But iron^ east, would furnish twice the good ; 

Its extra beauty and its lesser wei^t 

Confound the pride and ignorance of the^eaf. 

Combining levers stretch from shore to shore^ 
And span the foaming flood ne'er span'd before ; 
By logs of timber plac'd at angles right 

The bold formation is made strong and tight ; 
Each semi arc is built from off the top^ 
Without the help of scaffold^ pier^ or prop ; 
By skids and cranes each partis lower'ddown^ 
And on the timber's end-grain rests so sound. 
That all the force of weight can ne'er divide 
Each tabled timber from its partner's side : 
And, lest the end-grain should not stand the test, 
A sheet of iron 's plac'd between each rest. 
That np compression or indention can 
Make an impression to defeat the plan. 

The usual mode of building house or ships, 
or framing Bridges, tables, purlins, hips, 
'Tis end to side-grain by the ancients plann'd. 
On which their ponderous loads were made to stand : 
And all the Bridges that were ever built 
Kepos'd theii* weight on ceintre, pien or stilL 
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Kot 80 the Bri^ the author has to hoast ; 
His plan is sure to save such needless cost f 
A ladder on each side is lower'd down^ 
And shifted from the f ulerum to the crovn ; 
Two men on each descend to drire the boItSf 
Wedge fast the trunnels or set taught the nuts. 
Or line with boards the paraboKe form^ 
Bxpos'd to weather and the furious storm* 
The lateral shape of Bridge resists the wind^ 
By concave circle throws its force behind ; 
The hutment on each shore receives the chai^, 
Bepels with weight the pressure by^ andlarge» 
If shores supply with rock to build upon^ 
The builder then hath an advantage won. 
By which he saves the cost that oft ensues 
In sinking coffers, caissons, or mud pews. 
But should some softer strata heave in sight. 
The consequences will be truly light. 
As nothing is more easy to provide 
Than concave circle on the under side. 
By which the pressure will combine to force 
The neighbouring infirm strata much more close ; 
Its watery particles must soon escape. 
And force the solid grains into a heap. 
By which the massy butment rests secure. 
And through its firm foundation must endure* 
Not so the tottering piles of ancient day ; 
When prest by weight they quickly slide away> 
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Wrecks ]from the centre to the stmctore's baae^ 
Ajid all its bond and beauty soon defiiee. 

When Time^ with hungry teeth, has wrought deeayv 
Then what will seepties be disposed to say i 
Why, ** down the Bridge must fall« without repair, 
<' And all the author's pleadings will be air*'** 
Not SO5 he's better arm'd than you expect. 
For nought can bring to ruin but neglect ; 
A mean 's provided, which can never fail. 
To keep up strength whate'er the Bridge may ail : 
£achlogof wood, where'er its station be. 
Is safely shifted for a sounder tree. 
With greater ease remov'd than heretofore 
A piece could be repaired in an old floor* 
For lasting ago this Bridge will fbr exceed. 
All others ever built ; they rot with speed* 

< But how to reconcile these novel truths 

< With what the Doctors teach their college youths 
' Is hard for us (say some) to understand, 

< How timber Bridges can fly off* the land, 

< Without a prop or scaffbld from the strand, 
' And meet to join in centre hand in hand^ 

< Is truly strange and marvellous to me, 
« And, till I see it, never can it be !" 

Yes, teachers many have their pupils taught 
That nothing strange or new can e'er be brought^ 
But what in ancient times were known or wrought^ 
So narrow and so mean their scanty thought. 
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But, base Hhsi works of art sheuld judged hb "^ 

By fools in skill, wh^haye no eyes to see; 
11110 ne'er by arduous tliougfat» or streteb of miad^ 
Trae'd causes old, some new effeets to find ; 
THiose stupid life to man was ne'er of goodf 
Except it were to eat another's food ; 
And numerous is this tribe, that gain a naitie. 
But not by works of skiU, deserving Fame. 
Tet, science has her sons in every age. 
Her babes of skill, her striplings, and the sage. 
And daughters too, on which her hand bestows 
Sublime discernments, that no stranger knows ; 
Though bastards oft intrude and steal the bread 
With which the sons of merit should be fed. 
Array themselves in ep'lettes, swords and gowns^ 
And strut about like showmen's drest-up hounds ; 
And if you ask them a new work to view, 

* Oh, sir ! say they, it never can be true ; 
< Besides, I have no time to spare, to look 

* At schemes like these ; they 're not within my book. 
But science owns not such a gaudy train. 

Who can on sons of genius pour disdain. 
Nor quack philosopherSf w ho durst decide 
On works of merit they have never tried. 
Nor half-taught theorists, of whatever name. 
Who seek by others' skill to gather fame ; 
Nor wanton seeptics, who can dare condemn 
More worthy works than ever fell to them. 



Methink&tlie sons of art would be too Uest 
Were there not nften like these to prove their pest* 

What ! though thb Bridge surpass all else before. 
Should it be disbelieved e'er the more^ 
What finite man^ to whom all skill was given» 
That none beside should read the starry heaven. 
Or find a plan by whioh to pass the deep^ 
While blockheads and their follies rest in sleep ; 
Descry a continent^ find out a land, 
Mark out a shoal, make known where lies quicksand. 
Or trace the magnet which to poles directs, 
And, with the quadrant, all mistake corrects ; 

« 

Or cast great guns, whose thunders loudly roar. 

Or make silk cars, philosophers to soar. 

Or Drake's dread fireships, that no quarters give. 

But blast in sunder all, that none survive 

To tell the dismal tale of dire despair. 

That ship, and guns, and men, are blown in air ; 

Or excavate the earth, to fioat a bark. 

To carry goods through rocks and mountains dark. 

Propel a boat by steam, 'gainst wind and tides. 

That in a calm by others swiftly dides ; 

That ti*avels night and day, like a stagecoach, 

jWhich at the usual time make its aj^roaeh : 

'Mr make sweet sounds to soothe some savage breast, 
Mr link such words as poets deem the best, 

*; Or carve some marble that shall stamp renown. 
Or paint some golden scene that fame shall crown. 
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Or IndM this flTing Bridge, the aathor'a boast* 
Or thoiuaad other schemes now gone itnd past. 
Or dionsud things to come, that none e'er kDew» 
As time rolls on, invention shall prove true : 
IX these vere all design'd for one man's vork, 
^e other sons of art in caves might lui^. 
And moam their useless state, as lost to fVune, 
<«ompdl'dto live and die vitfaout a name. 
.^Lbckiueobb Siretold the lever's powerf 
Bov he eoold vith a pole upset a tower. 
Or raise the globe, if fulcrum were but strong, 
Snffieient for to rest his lever on. 
Tbt anther's Bridge shall surely rise to fitme^ 
Tji spite of env;'s efforts, power, or claim. 
And men of liberal soicuce own Its worth, 
Beq;)eet his name and cultivate its growth. 

T. POPE. 
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